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INTRODUCTION 

STATEMENT OF THE PROBLEM 

Soft tissue manipulation is of the utmost importance in the clinical practice of 

periodontics. Whether managing inflammation non-surgically or wound closure after 

periodontal surgery, a successful outcome is dependent re-establishing healthy and functional 

gingiva and mucosa. Understanding the complex process of soft tissue injury at a cellular level 

allows clinicians to more effectively manage these scenarios. 

Cellular events following injury stimulate the inflammatory, proliferative and reparative 

phases of wound healing. These events are regulated by intricate signaling cascades that 

extensively involve cytokines, small proteins secreted by most nucleated cells. Each cytokine 

binds to its target cell receptor and initiates cell signal transduction. Targeting tissue-specific 

cytokines or their receptors to minimize the chance of systemic side effects is one approach in 

modern pharmacotherapeutics. A search of 30,000+ genes for an epidermis-specific gene with 

the potential to be a cytokine yielded few targets, but one identified target was the dermokine 

gene. 

Dermokine was found to be highly expressed in human and mouse keratinocyte eDNA in 

2004 and the gene mapped to human chromosome 19ql3.12. Little is known about the 

dermokine gene. It appears that gene transcripts can encode four major protein isoforms: 

dermokine (DMKN) a, B,y, and 6. Expression of DMKN -a, -8, and -v mRNA has been reported to 

be restricted to the epidermis, while DMKN-6 has a very broad pattern of expression. It is 

7 
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currently unknown if DMKNa, -6, and -v are expressed in the oral cavity, but as gingiva and 

epidermis are both stratified squamous keratinized epithelia, it is possible that they may share 

similar expression patterns. DMKN-6 has been associated with the early endocytic pathway as a 

cytosolic protein. DMKN-a, -6, and -v have yet to be studied in detail regarding their role in 

keratinocytes, but it has been suggested that DMKN-6 could be a cytokine. Additionally, DMKN-

6 has been implicated in inflammatory conditions and has been shown to delay early skin wound 

healing. 

SIGNIFICANCE 

If the DMKN gene is highly expressed in gingival tissue samples, then this will be the first 

time it has been reported in this tissue. Additionally, if DMKN-6 is secreted from gingival 

keratinocytes, then it has potential to be a cytokine of interest to dentistry. The presence of the 

DMKN gene and its potential role as a cytokine may help continue to build the body of 

knowledge of wound healing in the gingiva and oral mucosa. Improving this knowledge can help 

further the ultimate goal of improved regenerative procedures. 



REVIEW OF THE LITERATURE 

OVERVIEW 

The dermokine gene has been reported to be highly expressed in keratinocytes, 

especially in granular cell layers. Its role in keratinocytes has not been established, but it 

appears that an isoform, DMKN-f3, has a secretory signal peptide and is therefore a secreted 

protein. In addition, there is emerging evidence that DMKN-f3 functions as a cytokine. 

Cytoktnes are small cell-signaling proteins secreted by many different cell types that regulate 

many normal cell activities. Each cytokine has a receptor, and when bound its receptor causes 

signal transduction. Cytokines can be further classified into interleukins, tumor necrosis factors, 

chemokines, interferons, and growth factors, and have been particularly useful in pharmacologic 

therapeutics, as they have been used to influence wound healing and regenerative procedures.1 

This review will first discuss the keratinocyte and its role in wound healing, as it appears DMKN

f3 may play a role in the epithelial wound healing process. Next, the limited literature on DMKN 

will be discussed in detail. Finally, protein expression systems that could possibly be used to 

produce exogenous DMKN-f3 and determine if it 1s in fact secreted will be discussed. 

9 
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KERATINOCYTES 

Epithelial Anatomy 

Keratinocytes, the predominant cells found in stratified squamous epithelium, form the 

outermost layers of skin and mucosa. The primary role of these layers is to act as a physical 

barrier to the outside environment by preventing water loss, heat loss, ultraviolet radiation 

damage, and pathogen infection. Additionally, keratinocytes of skin and mucosa modulate 

interactions between the host and the environment. 

Two basic categories of stratified squamous epithelium exist - keratinized and non

keratinized. The presence of a cornified cell layer defines keratinized epithelia, and the absence 

of a cornified cell layer defines non-keratinized epithelia. Within the category of keratinized 

epithelia are two sub-categories- ortho-keratinized epithelium and para-keratinized epithelium. 

Orthokeratinized epithelium, found in the epidermis, is defined by cells of its outermost layer 

(the stratum corneum) lacking nuclei. Parakeratinized epithelium is defined by the stratum 

corneum containing nucleated keratinocytes, as is found in masticatory mucosa such as the 

gingiva and the hard palate. 

Keratinocytes in stratified squamous epithelia undergo a terminal differentiation 

process that forms a mechanically resistant keratinized surface. In normal skin there is a 

balance between the number of keratinocytes being produced at the basal cell layer and the 

number of cells being shed at the skin surface.2 Th1s homeostasis is a tightly controlled 

differentiation process, regulated in part by cytokine activity. Keratinocytes arise from the 

basal layer (stratum basale), the innermost layer of epithelium. The basal layer contains mitotic 

keratinocytes that are attached to the basement membrane by hemidesmosomes. Basal 

keratinocytes detach from the basement membrane to form the spinous layer (stratum 
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spinosum). Cells of the spinous layer produce increasing amounts of intermediate filaments, 

lamellar bodies, and desmosomal cell linkage. As keratinocytes progress outward through the 

spmous layer, cells flatten and the cytoskeleton reorganizes. Next, the granular cell layer 

(stratum granulosum) forms, characterized by the presence of keratohyalin granules.3 Here, the 

nucleus is degraded, organelles are destroyed, and the plasma membrane is replaced by the 

cornified envelope.4 Finally, the cell terminally differentiates in the cornified layer (stratum 

corneum), where dead cells 10-30 layers thick are desquamated. A graphical depiction of 

stratified squamous epithelium is shown in figure 1. 

Figure 1 -Cell/ayers of stratified squamous epithelium 
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{From Eckert RL, Rorke EA. Molecular b1ology of keratmocyte differentiation. EnVIron Health Perspect 1989;80:109-

116.) 

Wound Healing- An Overview 

Epithelial wound healing is characterized by the inflammatory, proliferative and 

maturation phases. When epithelium is injured, damaged blood vessels undergo 
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vasoconstriction, blood platelets aggregate, and the coagulation pathway is initiated, 

forming a fibrin clot. The clot acts as a temporary matrix that cells migrate through to 

heal the wound. It contains an array of cytokines that signal the body to recruit 

inflammatory mediators to the site, including CSa and leukotrienes from the 

complement cascade.5
•
6 Keratinocytes play a major role in this process by secreting 

cytokines involved in chemotaxis and re-establishing wound closure through migration 

The Inflammatory Phase 

In the inflammatory phase of healing, inflammatory mediators released by 

keratinocytes, the collagen plug, and invading bacteria recruit neutrophils and monocytes from 

the circulating blood. Upon injury to skin, the epidermal barrier 1s disrupted, and keratinocytes 

release pre-stored interleukin-1 (IL-1).7 IL-l is the initial s1gnal released to the body that alerts 

surrounding cells that barrier damage has occurred. IL-l has a broad range of functions - it 

stimulates keratinocyte and endothelial cell proliferation, immune cell activation and 

chemotaxis, increased collagen synthesis by fibroblasts, and increased cellular adhesion 

molecules that increase transmigration of leukocytes into affected tissues.1 The cascade of 

signaling is reviewed in Figure 2. In addition to keratinocytes, the endothelial lining of 

surrounding damaged blood vessels and local monocytes also release IL-l and tumor necrosis 

factor-a (TN F-a). Primary hemostasis is achieved by the formation of a hemostatic platelet plug 

and fibrin clot. Release of histamine and serotonin from these activated platelets and nearby 

mast cells causes an increase in vascular permeability. The combination of increased 

permeability and increased cellular adhesion molecules at the site of injury allows leukocytes to 

migrate from the bloodstream into the tissues.5 



/ 
t ~ 
ICAJ.I I EI AU 
.. ... AM, 

Figure 2-Keratinocyte events following injury or r -eel/ mediated response 
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(From Kupper TS. The actiVated keratinocyte: a model for mduCible cytokme production by non-bone marrow-denved 

cells m cutaneous mflammatory and 1mmune responses. J Invest Dermatoi1990;94:146S-1SOS.) 

Within minutes of injury, neutrophils arrive at the wound bed, moving through the 

extracellular matrix via integrin molecules. As neutrophils migrate, they release pro-

inflammatory cytokines that signal local fibroblast and keratinocyte activation.5 After 24-48 

hours, the predominant cells in the wound bed shift from neutrophils to monocytes. Monocytes 

are attracted by bacterial products, complement degradation products (CSa), thrombin, 

fibronectm, collagen, TGF-~, and PDGF-BB. These cells mature into phagocytic macrophages. 

Upon their arrival, apoptosis of neutrophils begins to take place. Bacterial debris such as 

lipopolysaccharide can activate monocytes to release free radicals and cytokines that mediate 

angiogenesis and fibroplasia, including: 1) pro-inflammatory TNF-a, IL-l, IL-2, IL-6, IL-8, and IFN-

y; 2) anti-inflammatory IL-4 and IL-10; and 3) wound-healing moderators PDGF, TGF-~, EGF, 
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TGF-a, FGF, KGF, IGF-1, and VEGF. A detailed description of the most common cytokines 

involved in wound healing is listed in Table 1. 

The Proliferative Phose 

The proliferative phase is characterized by angiogenesis, collagen deposition, 

granulation tissue formation, epithelialization, and wound contraction. The hypoxic wound bed 

triggers macrophages to secrete angiogenic factors, (such as FGF, PDGF, and TGF-13) initiating 

the formation of capillary beds (i.e., angiogenesis).6 The newly formed blood supply brings 

oxygen and essential nutrients to the wound. Simultaneously, fibroblasts migrate to the sites of 

angiogenesis, laying down ground substance and immature collagen in the wound bed. This 

intermediary healing matrix is known as granulation tissue. As granulation tissue matures, it is 

replaced by mature collagen and the wound begins to take on characteristics similar to a non

injured site. The rate of collagen synthesis declines after 4 weeks and eventually balances the 

rate of collagen destruction by collagenase (MMP-1), entering the phase of collagen maturation. 
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Cytokine Abbreviation Function 

Wound Healing moderators 

Platelet-denved PDGF Chemotactic for PMNs, macrophages, fibroblasts, and smooth muscle cells; 
growth factor mitogenic for fibroblasts, endothelial cells; stimulates production of MMPs; 

stimulates angiogenesiS and wound contraction 
Transformmg TGF-~ Chemotactic for PMNs, macrophages, lymphocytes, and fibroblasts; stimulates 

growth factor-~ keratinocyte m1gration, ang1ogenesis, and fibroplasia; Inhibits production of 

-. 
Ep1dermal EGF 

MMPs and keratinocyte proliferation; induces TGF-~ production 
Mitogenic for keratinocytes and fibroblasts; stimulates keratinocyte migration 

~owth factor 
Transforming TGF-a Mitogenic for keratinocytes and fibroblasts; stimulates keratinocyte migration 

__.S!Owth factor-a 
Fibroblast FGF Chemotactic for fibroblasts; mitogenic for fibroblasts and keratinocytes; 

_1rowth factor stimulates keratinocyte migration, angiogensis, wound contraction 
Keratmocyte KGF Stimulates keratinocyte migration, proliferation, and differentiation 

growth factor 

Vascular VEGF Increases vasopermeab1hty; m1togenic for endothelial cells 
endothelial cell 
growth factor 

Anti-Inflammatory 

lnterleukin-4 IL-4 Inhibition ofTNF, IL-l , IL-6 product1on; fibroblast proliferation, collagen 
synthes1s 

lnterleukm-10 IL-10 Inhibition of TNF, IL-l , IL-6 production; inhibition of macrophage and PMN 
act1vat1on 

Pro-inflammatory 

Tumor necrosis TN F-a PMN margmat10n and cytotoxicity 
factor-a 

lnterleukin-1 IL-l Fibroblast and keratinocyte chemotaxis, collagen synthesis 
lnterleukin-2 IL-2 Increases fibroblast infiltration and metabolism 

t-- . 
IL-6 Fibroblast _proli!eration lnterleukm-6 

t-- -
lnterleukm-8 IL-8 Macrophage and PMN chemotaxis, keratinocyte maturation 

1-
lnterferon-y IFN-y Activates macrophages and PMNs, slows collagen synthesis and cross-linking; 

L...-
Stimulates collagenase activity 

Table 1 - Common Cytokmes associated w1th wound healing 

Adapted from Sabast1on TeKtbook of Surgery 18th Ed., Ch 8, pg 191216, Saunders ElseVIer, 2008 

The Maturatton Phase 

The maturation phase consists of reorganization of collagen fibers. Wound strength 

increases rapidly within 1 to 6 weeks due to increased collagen cross-linking, and then appears 

to plateau up to one year after injury.6 Despite this functional repair, the end product is typically 

not a perfect esthetic or functional outcome. Collagen fibers in normal uninjured skin are 

arranged in a mechanically efficient basket-weave meshlike structure, while repaired wounds 
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tend to have a dense parallel bundled arrangement typically forming a scar.5 Clinically, the ideal 

would be to influence these wounds to heal much faster and more efficiently, resulting in more 

perfect reconstruction of the damaged skin. In principle, once the cellular and molecular 

components are better understood, a major goal of wound healing biology can be achieved -

perfect regeneration of the damaged tissues. 

The "Activated" Keratinocyte and its C/ytokines 

In normal skin, a balance between growth stimulatory and growth inhibitory cytokines 

results in a balance of cell production and cell shedding, forming a stable epidermis. 

' 
Keratinocytes grown in vitro exhibit a hyperproliferative phenotype and produce cytokines in 

abundance.8
·
9 likewise, this cytokine abundance is noted in injured skin or inflammatory skin 

conditions such as psoriasis. The profile of cytokines secreted by keratinocytes is listed in Table 

2. The increased cytokine production in the injured or inflamed epidermis has led to the 

concept of the "activated" keratinocyte. In wound healing, keratinocytes appear to adopt their 

"activated" state until the wound has healed. 



Cytokine Function 
Il-l Kerattnocyte and endothelial cell proliferatoon; leukocyte actovatoon; T· and B·cell chemotaxis; Increased 

collagen synthesis by fibroblasts; Fibroblast proliferatoon; Increased collagenase activoty; Acute-phase 
protem synthesis; Increased synthesis of CSFs, ll·l . ll·2. ll·6, IL-8. IFN-7, TxA2, PGE2, LTB4; Increased 
ICAM-1, ELAM, and VCAM-1 expression. 

IL-6 Acute-phase protein synthesis; Stomulates B-cells 
IL-7 B· and T-cell proliferatoon; Maturatoon of eosmophils and B· and T cell precursors 

IL· 8 Chemotactoc for neutrophlls and T Lymphocytes 
IL-10 lnhibots T-cell proliferation; TH-2 cytokine woth tnhobitory effects on TH·l cytokmes 

r-1!:: 1! . Acute-phase protein synthesis 
ll-12 Increases TH·l response; Important 10TH 1/TH-2 balance 

~ Stimulates granulocyte formation; Stomulates macroph~o~~tion 

G-CSF Preferentially stimulates granulocyte colonies and at hogher concentratoons macrophage colonies 

M -CSF Stimulates macrophage colonies from pluripotent ~~em cells 

TNF Q Induces fever, apoptotic cell death, and inflammation 

TGF-a Increases ICAM· l expression, enhances MHC expressoon and antogen oresentation to lymphocytes 

TFG·P (KLIF) Suppresses immune cell function durini inflammatiOn; Promotes mesenchymal cell growth 

bFGF Motogen for most mesenchymal and ectodermal cells 

PO ECGF Induces angiogenesis 

PDGF Collagen remodeling by collagen and collagenase synthesos; ChemotactiC for mesenchymal cells; 
Angiogenesos 

NGF Chemotactoc and mitogemc for melanocytes, Important for neuron growth and matntenance 

VPF/VEGF Endothelial cell proliferation and angoo11enesos 

IL Ira Competotive tnhibotoon of IL-1 receptor; lnhobots most of IL·1 effects 

MGSA/gro Promotes growth of melanoma cell lines; Somllar oro-onflammatory actovotoes shared woth IL-8 

MCP·l/MCAF Chemotactoc for leukocytes (not neutrophols) 

71P-IO Pro·tnflammatory properties shared woth IL-8 

Abbrev•atrons LFA-1: LeukOCyte functoon·assocoated antigen· l 

ll· lnterleukon V-CAM. Vascular cell adhesoon molecule 

GM CSF: Granulocyte-macrophage colony stimulating factor IP -10: Interferon· gamma· tnduced protetn-10 

G·CSF: Granulocyte colony-stimulating factor RANTES Regulated and normal T expressed and secreted 

M ·CSF: Macrophage colony stomulating factor VEGF/VPF: Vascular endothelial growth factor/Vascular 

TNF· : Tumor necrosos factor· permeability factor 

EGF: Epidermal growth factor PMA: Phorbol mynstate acetate 

TGF : Transforming growth factor- KLIF: Keratinocvte deroved lymphocyte· inhobotory factor 

NGF: Nerve growth factor IL-Ira: lnterleukin I receptor antagonost 

FGF: Fibroblast growth factor MGSA: Melanoma growth stomulatory activity 

POGF: Platelet deroved growth factor MCP 1/MCAF: Monocyte chemotactic proteon-1/monocyte 

PO-ECGF: Platelet-deroved endothelial cell growth factor chemotactoc and actovattng factor 

IGF: Insulin-like growth factor MCP-1: Macrophage onflammatory proteon· l 

IFN: Interferon ENA· 78: epotheloal neutrophil-activating protein-78 

ICAM 1 Intercellular adhesion molecule-1 

Table 2 - Cytokines produced by keratinocytes 

Adopted from Felietoni C, Gupta AK, Souder ON. Kerotmocytes and cytokme/growth factors. 
Cnt Rev Orol81ol Med 1996;7·300-318. 

17 
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Once activated, attachments by desmosomes and hemidesmosomes must be disrupted 

to allow for migration of keratinocytes from the wound edge. lntegrins that contribute to the 

adhesive properties of these attachments are degraded and their distribution becomes localized 

to the lamellipodia of the keratinocyte's leading edge. This is thought to be important in 

maintaining the keratinocyte's migratory trajectory, as well as allowing the keratinocytes to 

grasp a hold of and crawl across the provisional wound matrix.5
' 
1° Keratinocytes will continue to 

migrate and proliferate until a monolayer of cells covers the denuded wound surface. At this 

point, migration ceases, and keratinocytes begin to stratify, reforming the aforementioned cell 

layers of epithelium. Little is known about the signaling leading to keratinocyte arrest, but it is 

suspected that mechanical cues result in contact inhibition and the locomotive process is 

paralyzed.5 The establishment of a stable epidermis returns keratinocytes to their " resting" 

state, though this is somewhat of a misnomer, as keratinocytes continue to undergo their 

terminal differentiation process that forms the epithelial layers. 

DERMOKINE 

The Oermokine Gene- Discovery and Localization 

Dermokine (DMKN), discovered in 2004, was found to be highly expressed in human 

keratinocytes and mapped to human chromosome 19q13.12.11.u Interestingly, the gene was 

independently discovered by two groups almost simultaneously. The hallmark papers by Matsui 

et. al. and Moffatt et. al. describe the DMKN gene being flanked by the suprabasin and KDAP 

genes. In these papers, these genes were suspected to encode keratinocyte-specific secreted 

proteins. Consequently, this cluster of genes was termed the stratified epithelium secreted 
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peptide complex {SSC).12 Clusters of epidermis-specific genes have been reported before, such 

as the epidermis differentiation complex, which is a cluster of approximately 20 genes found on 

chromosome 1q21.13 The sse gene complex seems to be conserved, as it is found in mouse and 

human genomes.12
-
13 

In subsequent research, DMKN was found to be the most frequently sequenced 

transcript in a human cell population enriched with granular keratinocytes. 14 In-situ 

hybridization demonstrated that the gene was highly expressed in the spinous and granular 

layers of the epidermis.11
-
13 Toulza et. al. further examined the spatial expression of DMKN and 

noted through immunohistochemistry that it was highly expressed in the granular celllayer.14 As 

mentioned previously, the spinous and granular cell layers precede the formation of the 

cornified envelope. Because of this, some authors have speculated a role in the cornified 

envelope as one possible functions of the secreted protem. Increased expression of DMKN has 

also been noted in mouse models of contact hypersensitivity, UV-1rradiated skin injury, psoriasis 

and wound healing, while expression is decreased in skin cancers.12 
l4-ls 

DMKN Structure and Protein lsoforms 

Analysis of DMKN's messenger RNA (mRNA) revealed 13 transcripts encoding 10 

theoretical proteins.14 These transcripts and their GenBank accession numbers can be seen in 

Figure 3. Of these proteins, four major isoform groups have been termed DMKN -a, -f3,-y, and -

6. Expression of DMKN-a, -f3, and -y seems to be restricted to epidermis mRNA, while DMKN-6 

has a very broad pattern of expression.16 It appears that DMKN-a and DMKN-f3 have similar 

expression patterns in the epidermis. DMKN-a {7kDa) represents the C-terminal domain of 

DMKN-f3 (45 kDa) and, in addition to the epidermis, can be found in placental tissues.12 



1 23 - •• 
BC035311 ... • I 
AY358412 ... .I 

,_ .. 

fl. 
H 

5' __.. 

4 5 678 
I. I I I 

I . I I 
I. I I 
BC011&86 I. I I 

~i!i 
Figure 3-Proposed Dermokine isoforms 

GenomiC exon dastnbubon 

9 10 11121314 
I I I II I 

GenBank mANA 
I I 

Ill 

15 16 1716 
I I I I 

20 

192021 2223 2425 
II I II 1-

AFOe6315t-- --i- t-- -+t----+
l • II 

Eptdermal dermoklne cloned cONA d IIAY789707 
II I I IIAY789695 

"tt '"1"Y788686 AY781Ki87 

I I I 11 I Ill 
PCR amplicons 2 2/M 

II 

Northern probes 3' 
II • 

Predteted codmg reg1ons ore represented by w1de block boxes and untronsloted reg1ons ore represented by narrow 

gray boxes. (From Toulzo E, Galliano MF, Janco N, et of. The human dermokme gene descnptton of novel isoforms 

w1th different t1ssue-speet{te express1on and subcellular location. J Invest Dermoto/2006;126:503-506.) 

The epidermis-specific DMKN-a, and 13 isoforms constitute the primary isoforms 

discussed in the literature. The C terminal domain of the 13 1soform 1s identical to the coding 

sequence of the a isoform, and these domains are separated by a coiled-coil domain that is 

similar to collagen and collagen-like molecules. These collagen-like domains are not consistent 

with fibril -forming regions, but are more consistent with intermediate filament-like molecules 

like keratins, loricrin, and corneodemosin.11 Two potential secretory signal peptides for the 

classical secretory pathway have been identified, each located at the N-terminus of both DMKN-

a and 13. DMKN-a and 13 have been postulated to be cytokines due to the p/ value of DMKN- a 

and the corresponding C terminal domain of DMKN-13, which is approximately 10.3.12 It is 

generally known that many cytokines like BMPs, FGFs, interleukins, and PDGF have high p/ 

values, and this offers insight to the function of DMKN-a, and 13. 
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(From Nasa MF, Liang 8, Huang CC, eta/. Dermoktne on extensively d1/ferent1olly spl1ced gene expressed in epithelial 

cells. J Invest Dermato/2007;127·1622-1631) 

While suspected to be cytokines, the function of DMKN-a, ~.andy remains inconclusive. 

Recently, more evidence has been gained regardtng the funct1on of DMKN-6. DMKN-6 appears 

to be a cytosolic protein that has been associated with the early endocytic pathway by activating 

RabS, a small GTPase regulating vesicle-mediated transport from the plasma membrane to the 

early endosomes as well as early endosome fusion. 16 

DMKN-~ as a Cytokine 

While the true function of DMKN-a, and-~ has not been established, emerging data has 

further suggested a role as a cytokine. First, Higashi et. al. discovered that treatment of 

keratinocytes with DMKN-~ resulted in attenuation of ERK signaling.17 This study also found 

through chemical cross-linking, immunoprecipitation, and proteomics analysis that glucose-

regulated protein 78 (GRP78) is a DMKN-~ associated protein, and blockage of GRP78 
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expression annulled the actions of DMKN-~. GRP78 is a protein critical to endoplasmic 

reticulum function, facilitating proper protein folding among other functions, and is also a 

member of the heat shock protein group.18 Subsequently, the same research group tested the 

role of topical application of recombinant DMKN-~ on excisional wounds in mice. In this study, 

it was noted that DMKN-~ increased IL-10 express1on, attenuated TGF-~ and TNF- a expression, 

and decreased expression of ELR•cxc chemokines.17 ELR•cxc chemokines are strong neutrophil 

chemoattractants and angiogenic factors.17
• 

19 As such, the presence of inflammatory cells, 

vascular density, and myofibroblast proliferation in the wound bed of sites treated with DMKN-~ 

was diminished in early wound healing compared to controls. This suggests that DMKN-~ delays 

wound repair, in part by inhibiting chemokine express1on in keratinocytes, and raises the 

possibility that DMKN-~ could modulate scar tissue formation. 

HETEROLOGOUS EXPRESSION SYSTEMS 

Heterologous protein expression systems involve introduction of foreign DNA into a 

host cell for directed synthesis of a target protein. The advent of genetic engineering has made 

it possible to produce recombinant proteins in a wide variety of cells. A genetic construct is 

typically formed by careful isolation of the desired gene, and then introducing this gene into a 

vector. Currently many vectors exist to include plasmids, lambda phages, cosmids, phagmids, 

and artificial chromosomes from bacteria, yeast or human origin. Many systems involve 

plasmids, which typically are circular double stranded chromosomal DNA that have the ability to 

replicate independently within a cell. This genetic construct is then transfected into a suitable 

host where it produces exogenous protein. Ideally, proteins requiring mammalian post-
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translational modifications should be expressed in mammalian cells, preferably in the cell line 

the DNA was created from. As DMKN-~ appears to undergo complex post-translational 

modification, a keratinocyte cell line would be ideal.11 

To study DMKN-~ and its potential role as a cytokine definitively, the ideal research tool 

to begin with would be a highly specific antibody raised to detect the DMKN-~ protein. Such an 

antibody is not available commercially, and, raising a highly specific antibody can be costly and 

time consuming. Alternatively, a recombinant DMKN-~ protein genetically engineered with a 

fusion tag that has a commercially available antibody can be used. Green fluorescent protein 

(GFP) is one such fusion tag that is commonly utilized in modern cellular biology. In addition to 

havmg antibodies available, GFP exhibits bright green fluorescence when exposed to blue light, 

allowing for fluorescent microscopy techniques to be used.20 This recombinant gene construct 

can be inserted into a vector, and the vector can then be inserted into a desired expression 

system to produce the DMKN-~-GFP chimeric protem. 

SUMMARY 

The dermokine (DMKN) gene, discovered in 2004, has been found to be highly 

expressed in human and mouse epidermis in the spinous and granular cell layers. In 

inflammatory skin disorders, skin injury models, and cell culture models, all of which display 

"activated" keratinocytes, increased DMKN expression has been noted. The DMKN gene 

encodes four major protein isoforms, designated DMKN-a, -~,-y, and -6. DMKN-6 has been 

shown to be a cytosolic protein, but the function of DMKN-a, -~,and-y is still unknown. DMKN

~' the predominant isoform studied in the literature, has a secretory signal peptide and 

properties that are consistent with known cytokines. Because of this, DMKN-~ is suspected to 

be a cytokine secreted by keratinocytes. Recent evidence has further supported this hypothesis, 
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as recombinant DMKN-~ has been shown to attenuate ERK phosphorylation and decrease 

neutrophil chemotaxis through decreased expression of ELR•cxc chemokines. 

While documentation of high expression of DMKN in skin is abundant, it is not known if 

the DMKN gene is expressed in the oral epithelium. Understanding the expression pattern of 

DMKN in gingival tissue would form a starting point for our understanding of the role of this 

protein in oral biology. In addition, if DMKN-~ is found to be an extracellular protein that is 

secreted by gingival keratinocytes, then future studies that address the role of DMKN-~ can be 

undertaken. First, however, identifying DMKN-~ as an intracellular or extracellular protein must 

be conducted. As a specific antibody is not readily available at this time, creation of a 

recombinant plasmid expression vector encoding DMKN-~ with a GFP fusion tag and 

transfecting a gingival keratinocyte cell line is one option that can be used to answer this 

question. 



PURPOSE 

The purpose of this study is to: 

1. Identify if the DMKN gene is highly expressed in gingival tissues. This will be the 

first report of the gene in the gingiva if present. 

2. Identify if DMKN-~ is secreted by human gingival keratinocytes. 
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HYPOTHESES 

HYPOTHESIS #1- DMKN in Gingiva 

Rattus narvegicus DMKN is highly expressed in gingival tissue. The gene expression is 

comparable to skin and there is significantly more expression in gingiva than there is in liver. 

HYPOTHESIS #2- Extracellular Expression 

Recombinant DMKN-~+GFP is secreted by transfected human gingival keratinocytes in 

vitro. 
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MATERIALS AND METHODS 

HYPOTHESIS #1- DMKN IN GINGIVA 

Quantitative Real-Time PCR 

Three frozen tissue samples each of liver, skin, and gingiva from Rattus norvegicus were 

selected for analysis using quantitative real-time polymerase chain reaction (rt-PCR). It has been 

documented that skin has abundant DMKN express1on and that liver does not.12
'

14 Skin samples 

were obtained from the ventral surface of the rat's midsection. Gmgival samples were obtained 

from the mandibular incisor area by gross removal of the incisors at their base with a rongeour 

forcep and then blunt dissection of the surrounding circumferential gingiva and mucosa. 

Graphical depiction of gross removal point is provided in Figure 5. 

Figure 5- Gross removal of incisors 

Fol/owmg gross removal of mandibular incisors w1th rongeour forcep, gmgiVa and mucosa was bluntly dissected from 

sample and stored frozen 
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Frozen tissue samples were homogenized in TRizoi•Reagent (Invitrogen™) and total RNA 

was extracted according to the manufacturer's directions. The quantity and quality of RNA were 

assessed using the Nanodrop• Spectrophotometer ND-lOOO(Nanodrop, Wilmington, DE) and 

the Agilent bioanalyzer using an RNA 600 nano lab chip kit(Agilent, Santa Clara, CA), 

respectively. Super Scriptiii'M First Strand Synthesis for rt-PCR (lnvitrogen'M, Grand Island, NY) 

was used for eDNA synthesis standardized to 4~g using ol1go-dT primers following the 

manufacturers recommendations. The presence of the dermokine gene was then quantified via 

rt-PCR using iQ'M SYBR• Green Supermix (Bio-Rad, Hercules, CA) in the CFX96'M rt-PCR detection 

system, per the manufacturers' instruction using the primers listed in Figure 6. GAPDH was used 

as an internal control. 

NCBI Reference Sequence: NM_001173357.1 

Forward:CTCGTGCCTTACTCTACTTCC 

Reverse: AGCCCTCAATCTGTTTCCAG 

Figure 6 - Quantitative rt-PCR primers. 

NCBI Reference Sequence: NM_001173357.1 

Forward: TCAAGGCTGAGAATGGGAAG 

Reverse: GTTGTCATA TTTCTCGTGGTTCAC 



HYPOTHESIS #2- EXTRACELLULAR EXPRESSION 

Figure 7- M ethodology of Hypothesis #2 
Astensked ttems are quality control pomts. 

Goal #1- Creation of Recombinant Gene Const ruct 
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Three genetic constructs were used for this hypothesis. First, the intracellular control is 

GFP only. GFP is a small, 26.9 kDa protein that alone is intracellular, and when excited by blue 

light exhibits a green fluorescence.20 Second, growth hormone (GH) from Rattus norvegicus was 

chosen as an extracellular control (NCBI Reference Sequence: NM_001034848.2). GH is a 

common hormone secreted by the anterior pituitary with a mass of 22 kDa.21 The addition of a 

GFP fusion tag to GH (GH+GFP) would make its' expected mass 48.9 kDa. Last, the test genetic 

construct was human DMKN-13 (GenBank: BC035311.1) with a GFP fusion tag (DMKN-J3+GFP). 

The expected mass of DMKN-J3+GFP is 72 kDa. 
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Polymerase Chain Reaction 

To obtain a eDNA library for GH amplification, frozen Rattus norvegicus pituitary gland 

tissue samples were homogenized in TRizoi•Reagent and total RNA was extracted according to 

the manufacturer's directions. The quantity and quality of RNA was assessed using the 

Nanodrop• Septrophotometer ND-1000 and Agilent bioanalyzer using an RNA 600 nano lab chip 

kit, respectively. Super Script III'M First Strand Synthesis standardized to 4~g using oligo-dT 

primers was used. 

Creation of recombinant eDNA for DMKN and GH was performed using PCR with primers 

listed in Figure 8. These primers were designed with linkers for integration into the E. coli GFP 

plasmid vector pAcGFPl-Nl (Ciontech, Mountain View, CA). PCR conditions were 94•c for 4 

minutes for mitial template denaturation followed by th1rty-five cycles of PCR, with 15 seconds 

at 94•c (melting), 30 seconds at ss·c (primer annealing), and 60 seconds at 6s·c (extension). 

PCR was concluded at 4•c. PCR products were run on a 1% agrose gel to confirm the correct size 

of the eDNA. The band of desired size was cut from the gel and DNA was extracted with a 

QIAquick Gel extraction kit (Qiagen, Alameda, CA) 

DMKN -~ + GFP Primers GH-GFP Primers 

DMKN F: GH F: 

TCAAGCTICgaattctGCCACCA TGAAGTTCCAGGG TCAAGCTICgaattctGCCACCA TGGCTGCAGACTC 
GCCCCT TCAGAC 

DMKN R: 
CCGCGGTACCGTCGACTGCCAAAACTTCACCCAC 

TGCAGC 

GH R: 
CGGTACCGTCGACTGGAAAGCACAGCTGCTTTCC 
GC 

DMKN-~ Specific -ITALICIZED AND UNDERLINED EcoRl - lower case only 

Kozac- BOLD Sail-ITALICIZED BOLD AND UNDERLINED 
Figure 8 - Recombinant DNA primers 

Recombmant OMKN·B+GFP and GH-GFP pflmers specific for pAcGFPl·Nl vector 
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lnsertton of Recombmant DNA into Vector 

The engineered DMKN and GH genes were then cloned into the GFP plasmid expression 

vector pAcGFPl-Nl as shown in figure 9. This plasm1d features several selective properties. 

First, the selective process using unique restriction sites limits random DNA from insertion into 

the plasmid. Second, a kanamycin and neomycin resistant gene has been included for selective 

amplification in E. Coli. The plasmid was cut with enzymes EcoRl and Sail as primer selection 

indicated. 



HSV TK AcGFPl 
polvA pAcGFP1-N1 

4.7 kb 
Pvu II (120/l 

Pvu II !2249) 

Figure 9- pAcGFP1-N1 Plasmid and Restriction Map 
The EcoR I and Soli restriction sttes were selected for primers. A kanamycin and neomycin reststont gene has been 
genetically engmeered into this vector for selective E. Coli amplification 
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Plasm1d Amplification in Bacteria 

Stellar'M Competent Cells (Ciontech, Mountain View, CA) were heat-shock transformed 

with the recombinant plasmid vectors using the manufacturer's recommended protocol in l.Sml 

microcentrifuge tubes standardized to Sng of DNA. The transformed cells were plated on 

kanamycin plates and incubated at 37 C overnight. 3 colonies of each recombinant plasmid 

vector were selected and incubated in 20ml LB broth with 201-11 kanamycin. Bacteria were 

pelleted via centrifugation and the amplified plasmid DNA was then extracted with a Miniprep 

kit (Q1agen, Alameda, CA) per the manufacturer's recommendations. To ensure fidelity of the 

recombinant genes, the DNA sequences were verified independently by sequencing (Sequetech, 

Mountain View, CA). 

Goal# 2- Transfection of Gingival Keratinocytes 

TERT immortalized human gingival keratinocytes (OKG4/bmii/TERT, Rheinwald lab, 

Boston, MA) were selected for transfection. The TERT immortalization process involves 

engineering cell lines with the enzyme telomerase reverse transcriptase (TERT) which stabilizes 

or restores shortened telomeres and substantially extends celllifespans.22 These cells were 

chosen for their gingival origin and their replicative lifespan for repeated testing. 

Cell culture methods 

Initial cryovials of OKG4/bmii/TERT cells were thawed rapidly in a 37 C water bath and 

transferred to a 15m I centrifuge tube. Nine volumes of warm, 10% serum-supplemented DMEM 
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medium were added slowly and cells were pelleted. The cells were then gently resuspended in 

K-sfm medium (Table 3), counted using a hemocytometer, and plated at 2x10/\4-10/\5 cells per 

T75 flask (BD Purecoat Amine, BD Biosciences•, San Jose, CA). Cells were re-fed the next day 

then every 2 days. Care was taken to ensure cells were subcultured before they reached 1/3 

confluence. 

Cell cultures reaching 1/3 confluence or after 8 days of plating were subcultured. 

Cultures were disaggregated with Trypsin/EDT A, pelleted, and resuspended in K-sfm media. The 

majority of initial cell passages were cryopreserved in a 1:1 suspended cells in K-sfm to 2x 

freezing medium mixture after gently pi petting up and down to mix. This mixture was promptly 

distributed to cryovials and slow freezed in a Nalgene• Mr. Frosty'"' slow freezing apparatus. 

Typical cell concentration of cryopreserved stocks approximated 2x10/\S cells. The remainder 

were re-plated in either a T75 flask or plated on a 24-well Multiwelf'M PrimariaTM plate (Falcon•, 

BD BIOSCiences, San Jose, CA) for transfection. 



To SOOml bottle of GIBCO/Invitrogen K-sfm (Cat. # 17005-042) add: 
1. Yi BPE supplied with medium (-2s~ml final cone.) 
2. 10ml Pen/Strep stored frozen 
3. EGF to final concentration 0.2ng/ml 
4. 0.3mM CaCI2 

Filter sterilize with 0.2 

Mix 250ml:250ml Ca, Glutamine free DMEM:Ham's F-12 media and add: 
1. 0.2ng/ml EGF 
2. 25~/mlBPE 

3. 2mM L-glutamine 
4. 10ml Pen/Strep stored frozen 

Filter sterilize with 0.2~m filter 

To 20% calf serum-supplemented DMEM/F12 medium add DMSO so that the final 
concentration is 20% (v/v) 

1. Let stand overnight at 4" C 

L2. Filter-sterilize with 0.22~m filter 
3. Store at -80 C 

Table 3 - Keratinocyte Cell Media Preparation 

K·sfm med1o is des1gned for low dens1ty clonal growth that con be eos1ly d1soggregoted and senolly passaged. For 

h1gh dens1ty growth, K-sfm:DF-K med10 1:1 con be used, but cells do not d1soggregote or re-plote predictably. This 

med1o IS typiCally reserved for tronsfection procedures only that do not need to be senolly passaged. 

Transfection Procedure 

OKG4/bmii/TERT cells were plated in a 24-well plate at 150,000 cells per well in K-sfm 

media that resu lted in 70-80% confluence. Cells were allowed to attach overnight. After 

attachment, 0.81J.g of recombinant vector DNA and 2.01J.Ilipofectamine'M 2000 (Invitrogen•, 
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Grand Island, NY) was added dropwise per well using the 24-well protocol recommended by the 

manufacturer. This DNA:lipofectamineT"' ratio of 0.4:1 was found to provide optimal 

transfection efficiency. GFP, GH+GFP, DMKN-~+GFP, and control (no transfection) were always 

tested in parallel. After 6-8 hours, transfection media was gently removed and replaced with 

5001J.I fresh K-sfm:DF-K 1:1 media. 



Imaging with confocal laser scanning microscope 

48 hours following transfection, cell cultures were viewed with a Zeiss• LSM 700 

confocal laser scanning microscope using ZEWM software (Zeiss, Munich, Germany). GFP 

viewing settings were placed at 488nm emission with a 550nm filter and laser power set at 2-

5%. Images were captured at lOx and 40x objectives of GFP, GH+GFP, DMKN-~+GFP, and 

control. 

Goal #3- lmmunodetection with Western Blot Analysis 

Sample collection and immunoprecipitation 
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Fourty-eight hour samples were taken of the cell media, centrifuged to remove any cell 

particulate, and transferred to clean 1.5ml microcentrifuge tubes. Cells were detached and 

disrupted by adding 200(11/well Laemmli sample buffer with 10% 2-mercaptoethanol and 

incubating for lOmin at 37 C. Once thoroughly detached, the cells in Laemmli sample buffer 

were transferred to clean l.Sml microcentrifuge tubes. 

lmmunoprecipitation of extracellular media was performed by adding 250(11 of 

extracellular media into a fresh microcentrifuge tube with 3(11 polyclonal rabbit anti-GFP 

antibody and incubating for lhr at room temperature on a nutation plate. Following incubation, 

50(11 lgG resin beads (Pierce• Protein A Agarose, Prod #20333, Thermo Scientific, Rockford, IL) 

were added per sample and incubated for lhr at room temperature on a nutation plate. 

Samples were centrifuged, the media was aspirated, and the immunoprecipitation beads were 

washed lx with phosphate buffered saline. After re-centrifugation and aspiration of the PBS, 
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50!ll per sample of Laemmli sample buffer with 10% 2-mercaptoethanol was added and 

incubated for 10min at 37 C. 

Western blot analysis 

Twenty Ill of GFP, GH+GFP, DMKN-P+GFP, and control samples (both intracellular and 

extracellular) and 71ll ladder (Precision Plus Protein'M Dual Color Standards, Bio-Rad, Hercules, 

CA) were loaded onto preformed gels (4-20% TGX'M Gel, Bio-Rad, Hercules, CA), 

electrophoresed, and transferred onto PVDF membranes (Trans-Blot• Turbo'M Mini, Bio-Rad, 

Hercules, CA). Membranes were then incubated in 5% blocking buffer at room temperature for 

1 hour, followed by 1:10,000 anti-GFP mouse monoclonal antibody (JL-8 Living Colors• A.v. 

Monoclonal Antibody, Clontech, Mountain View, CA) incubated at room temperature for 1 hour. 

After 4 x 10ml rinses with PBS+0.05% Tween, anti-mouse HRP conjugated monoclonal antibody 

1:10,000 was then added and incubated at room temperature for 1 hour. Membranes again 

were washed 4 x 10ml with PBS+0.05% Tween, and then were soaked in SuperSignal· West Pico 

Chemiluminescent Substrate solution (ThermoScientific, Rockford IL) and imaged for 5 minutes 

using KODAK In-Vivo FX Pro Imaging System and software. 



DATA ANAL VSIS 

Results are presented as mean values± SEM. Differences among groups are 

assessed by using Students 't' test. Statistical significance was accepted at p<O.OS. 
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RESULTS 

HYPOTHESIS #1- DMKN IN GINGIVA 

It was hypothesized that DMKN would have significantly more expression in skin and 

gingiva than in liver, and that DMKN would be similarly expressed in skin and gingiva. 

Quantitative rt-PCR supports this hypothesis as both skin and gingiva had significantly more 

DMKN expression compared to liver samples as seen in figure 10. Additionally, there was no 

statistically significant difference between skin and gingiva in DMKN expression. 

Figure 10 - rt-PCR Threshold Cycle Means of DMKN:GAPDH 

Astertsked ttems signtfy stottstico/ sigmficonce compared to ltver No stottsttcol dtf/erence was noted between skm and 

gmgtvo. 
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HYPOTHESIS #2- EXTRACELLULAR EXPRESSION 

TRANSFECTION FINDINGS 

Control 

No natural fluorescence of significance was noted in the control group. Cells remained 

healthy appearing and often became confluent. Figure 11 displays the control group. 

Intracellular control: GFP 

Transfection efficiency was consistently good, with intense fluorescence noted in 

transfected cells. Fluorescence of transfected cells was noted to be generally homogenous with 

the nucleus often being obscured. Negative nuclear staining present in some cells. Some cell 

death was noted, and was similar to other transfected samples. Cell death was defined as non

adherent cells floating in medium or clumped cells loosely attached to the culture plate. Figures 

12-13 display the intracellular control GFP. 

Extracellular control. GH+GFP 

Transfection efficiency was consistently good, however fluorescence was less intense 

than GFP. Flourescence of transfected cells was noted to be less homogenous and strikingly 

more punctuate than the intracellular control GFP. Golgi apparatus staining was often present, 

appearing as an intense concentration of fluorescence just outside the nucleus. The amount of 

cell death was similar to other transfected samples. Figures 14-16 display the extracellular 

control GH+GFP. 
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Test DMKN-8+GFP 

Similar to transfection efficiency of GH+GFP, efficiency was consistently good, however 

fluorescence was less intense than GFP. Like GH+GFP, punctuate staining and Golgi apparatus 

staining was noted. Overall, GH+GFP and DMKN-~+GFP were very similar in appearance. Cell 

death was consistent with other transfected samples. Figures 17-19 display the test protein, 

DMKN-~+GFP. 



Figure 11 - Control Laser Scanning Microcospy Images at lOx and 40x 
a)lOx V1ew No notable fluorescence seen. Confluence of cells noted The upper left box represents the flourescent image, the upper right box the bnghtfield 1moge, and the 
lower left box IS on overlay image of both the upper left and the upper nght. The lower nght box IS on empty field. Th1s wew is consistent throughout. 

b)40x V1ew No notable fluorescence seen. Confluence of cells noted. 
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Figure 12 · GFP Transfection Loser Scanning Microscopy Images at lOx 
a) and b)GFP only at 40x. - Typ1cal transfectton efficiency seen Typ1cal appearance of GFP transfected cells IS routmely homogenous fluorescence w1th some negat1ve nuclear 

stammg occasionally present. Notable cell clumping and cell death noted secondary to transfectlon procedure. 
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Figure 13 - GFP Transfection Laser Scanning Microscopy Images at 40x 

a) and b)· Typ1cal appearance of GFP transfected cells IS routmely homogenous fluorescence w1th some negat1ve nuclear stammg occasionally present. A m1mmal amount of 

punctuate stammg IS noted. The homogenous fluorescence often obscures the nucleus. 

44 



Figure 14 - GH+GFP Transfection Laser Scanning Microscopy Images at 10x 
a) and b) Typ1cal transfectlon effiCiency seen. Cell c/umpmg and cell death noted secondary to tronsfection procedure. From th1s magnt/ICOtlon 1t IS diffteult to see the type of 

stammg exh1b1ted. 
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Figure 15 - GH+GFP Transfection Laser Scanning Microscopy Images at 40x. 

a) and b) TypiCal transfecttan w1th GH+GFP is less homogenous and mare punctuate. Add1t1anally, the appearance of galg1 apparatus stammg IS noted, as exh1b1ted by 

concentrated fluorescence near the nucleus. These fmdmgs are suggestive of secretory vesicle formotlon. The overall fluorescent appearance is stnkmgly dt/ferent from the 

mtracellular control GFP. 
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Figure 16 - GH+GFP Transfection Laser Scanning Microscopy Images at 40x. 

a) and b) Agam, a typtcal transfect1an w1th GH+GFP is less homogenous and more punctuate. Golg1 stammg is ogoin seen, particularly m b). Th1s remains suggest1ve of secretory 

ves1cle formation 
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Figure 17 - DMKN·P+GFP Tronsfection Loser Scanning Microscopy Images at lOx 
a) and b)- Typteol tronsfectlon effiCiency seen. Cell clumpmg and cell death noted secondary to tronsfectlon procedure. From th1s mogmflcot/On it is d1ff1cult to see the type of 

stommg exh1b1ted. 
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Figure 18 • DMKN-8+GFP Transfection Loser Scanning Microscopy Images at 40x. 

o) and b) Typteol tronsfectlon w1th DMKN-B+GFP 1s less homogenous and more punctuate than mtracellular control. The overall fluorescent appearance IS stnkmgly different 

from the mtrocellulor control GFP. Overall, the m1croscopte appearance of DMKN·B+GFP appears to be very similar to GH+GFP, as both exh1b1t punctuate stainmg and golgi 

apparatus stoinmg 
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Figure 19 - DMKN-8+GFP Transfection Laser Scanning Microscopy Images at 40x. 
a) and b)- Agom tronsfectlon w1th DMKN-8+GFP 1s Jess homogenous and more punctuate than mtrocellulor control. Golg1 apparatus stommg IS more ev1dent m these 1moges. 
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IMMUNODETECTION FINDINGS 

Western blot analysis after immunoprecipitation initially showed promising results. 

Figure 20 shows the presence of GFP being present mtracellularly in all 3 transfected samples, 

indicating mature proteins were being produced successfully by the gingival keratinocytes at 

their predicted molecular masses. As predicted, no GFP banding was noted extracellularly, 

while GH+GFP and DMKN-P+GFP both exhibited banding extracellularly. Both bands of GH+GFP 

and DMKN-P+GFP were again the predicted mass, indicating minimal modification to the 

proteins had occurred upon secretion. 

lSO-

100-

75-

so-

37-

25-

GFP(I) GFP(E) 

20- ~--~~------~ 

15-

GH(I) GH(E) 

Figure 20 - Initial western blot assay following cell transfection. 

DMKN(I) DMKN (E) 

Items marked w1th (I} ore mtrocel/ulor samples. Items marked w1th (E) ore extracellular samples. Samples were 

probed w1th on ont1body to GFP. GH+GFP ond DMKN- P+GFP ore obbrev1oted as GH and DMKN, respect1vely. GFP 
(26.9 kDo} IS seen mtrocel/ulorly but not extrocellulorly. GH+GFP {48.9 kDo} ond DMKN-P+GFP ore seen mtrocellulorly 
w1th mtense bondmg, and extrocellulorly w1th less mtense bond mg. A small bubble was noted in the DMKN{E} column. 
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While there was initial success with detection of extracellular protein release, some 

standing challenges were encountered. On subsequent transfection procedures, successful 

protein expression was obtained but localization was obscured by the unexpected presence of 

GFP extracellularly, seen in figure 21. It was noted throughout the transfection procedures that 

some cell death was occurring, and this was expected given the transfection process can cause 

pores to form in cell membranes and lead to cell rupture. However, lysis of GFP containing cells 

causing extracellular banding questions the validity of the extracellular banding of GH+GFP and 

DMKN-~+GFP that signifies protein secretion. Therefore, it cannot be ruled out that the 

extracellular signal is merely due to lysis of cells. 

a) 

tso-
100-

75-

so-

lS-

GFP(I} GFP(E) GH(I) GH(E) DMKN(I) DMKN (E) C(l) C(E) 

b) GFP(I) GFP(E) GH(I) GH(E) DMKN(I) DMKN (E) C(l) C(E) 

tso-
100-

75-

so-

Figure 21 - Western blot assay following cell transjection 
a) and b)- The presence of extracellular GFP obscures the valldtty of the extracellular GH+GFP ond DMKN+GFP 
stgnifymg protem secretion. Cell lysis releasmg mtracel/ular protem contents cannot be ruled out. 
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To mitigate the spillage of intracellular content from cells affected by the transfection 

process, serial samples of days 2-4 were taken from all transfected cells, and at each time point, 

replaced with 500111 fresh medium. Extracellular GFP samples were compared, and at day 4 

extracellular GFP content remained detectable (figure 22). This suggested that continued cell 

death was occurring even after removal of the cationic lip1d and the contents of the lysed cells. 

To lessen the cytotoxicity caused by transfection, serial dilutions of 

Lipofectamine™+DNA were performed maintaining a 0.4:1 DNA:Lipofectaminer"' ratio. Dilutions 

were performed by beginning with a standard transfection mixture (1:1), halving the mixture 

and replacing the required volume with DMEM to form 1:2, 1:4, and 1:8 dilutions. Transfection 

efficiency sharply declined after the 1:1 transfection standard, yielding inadequate protein 

expression (data not shown). 

25 -

Figure 22 - Serial sampling of GFP at days 2, 3, and 4 
Senal med1a replacement and samplmg of GFP samples was performed at days 2, 3, and 4 to remove cat1on1C l1p1ds 
used for transfect/On and to dilute extracellular protems remammg from cell lys1s. Extracellular GFP remamed 
persistent suggestmg contmued cell death. 
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DISCUSSION 

The DMKN gene and its encoded proteins are relatively poorly characterized. Literature 

on this topic is sparse, and primarily resides in the field of investigative dermatology. In the 

present study, we attempted to show that DMKN is expressed in gingival tissues, and to 

categorize the most widely studied DMKN protein isoform, DMKN-~. as an intracellular or 

extracellular protein. These limited but crucial steps can open the field of dental research to a 

protein that could possibly be useful in soft tissue wound healing. 

The Presence of DMKN in Gingiva 

It was first hypothesized that the DMKN gene is expressed in gingival tissues and this 

was studied using quantitative rt-PCR to analyze Rattus norvegicus liver, skin, and gingival tissue 

RNA samples. Despite the shortcomings of a small sample size, skin and gingiva had significantly 

more DMKN expression than liver, and similar expression when compared to each other. This is 

the first time the presence of the DMKN gene in any oral tissue has been reported. As 

previously discussed, the DMKN gene was found to be highly expressed in the granular and 

spinous layers of the epidermis. One would logically hypothesize from this that the DMKN gene 

would be present in any stratified squamous epithelium. 
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While quantitative rt-PCR is a reliable method for quantifying relative gene expression, it 

is not without its challenges. First, it can be difficult to extract sufficient mRNA from tissues 

such as skin and gingiva to create eDNA libraries due to its tough 

and fibrous nature. Despite thorough homogenization of frozen tissues being immediately 

processed with TRizoi•Reagent, meticulous handling, and adequate quality and quantity of RNA 

as read by spectrophotometry, a great deal of tissue samples failed to amplify any signal during 

the quantitative rt-PCR process. Second, the method used to obtain gingival samples from 

Rattus norvegicus was imperfect, as all soft tissues, to include epithelium, connective tissue, and 

periosteum, were dissected from the mandibular incisor region. Without isolating the 

epithelium only for tissue processing, the presence of the DMKN gene in the underlying 

connective tissue and periosteum cannot be ruled out. However, based on existing literature 

localizing DMKN to the epithelial cell layers through in-situ hybridization, u the most likely 

source appears to be the epithelium. 

DMKN as an Extracellular Protein 

The second hypothesis aimed was identify if DMKN-13 is an extracellular protein by 

creating a recombinant DMKN-13+GFP plasm1d express1on vector and transfecting a TERT

immortalized gingival keratinocyte cell line. Creation of recombinant GH+GFP and DMKN-13+GFP 

in plasmid expression vectors was successful and was confirmed by sequencing. These plasmid 

expression vectors were then transfected successfully . into OKG4/bmii/TERT gingival 

keratinocytes using Lipofectamine'M2QOO, a cationic lipid transfection reagent. Confocal laser 
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scanning microscopy was then used to detect transfection efficiency. Though a subjective 

assessment, there were polar differences in the microscopic presentation of the intracellular 

control (GFP), and the extracellular control (GH-GFP) and test (DMKN-~+GFP) proteins. GFP 

appeared as a diffuse, homogenous fluorescence, consistent with an intracellular protein that is 

not in a vesicle. In contrast, GH-GFP and DMKN-~+GFP both appeared to have a very punctuate 

appearance and concentrated staining around the Golgi apparatus. These findings are 

suggestive of the formation of secretory vesicles. Indeed, many of these vesicular appearing 

punctuate forms appeared to be lining the cell membranes at times, but again, this is a very 

subjective finding and should be interpreted with caution. 

The use of cationic lipids for cell transfection is not without its' downside, as was noted 

in these experiments. Cationic lipids form liposomes that randomly encapsulate the plasmids' 

DNA and fuse with the target cells' cell membrane, introducing the plasmid vector into the 

cytoplasm.23 Improper fusion of these to the cell membrane can cause pore formation, 

disrupting the osmolarity of the cell and leading to cell rupture. In theory, one would assume 

that cells that were lysed by the transfection procedure would not have sufficient time to 

express the protein encoded by the plasmid vector. As a change in media was performed 6-8 

hours post-transfection, it was not believed that the cytotoxicity was due to too much exposure 

to the transfection reagent. Assuming this, once cytotoxicity from the transfection reagent was 

suspected, it was believed that serial media changes would wash away the affected cells and 

their residual proteins. Despite serial media changes, either residual protein remained in the 

media or long lasting effects on the cell culture remained causing aberrations in the Western 

blot analysis, assuming that cell death was the cause. Th1s obscured the ability to reproduce 

effectively the initial Western blot that suggested the secretion of DMKN-~+GFP. 
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An alternate explanation could be possible for the presence of GFP extracellularly. In a 

study by Tanudji et al, GFP was discovered to be secreted into medium by several cell lines 

through a non-classical secretory pathway.24 They hypothesized that incorrect folding of GFP 

led to non-classical secretion as indicated by a lack of fluorescence in the cell medium that was 

collected. It was noted that in Chinese hamster ovary cells, 60% of synthesized GFP was 

secreted over 8 hours. This would explain the intense banding seen in Figure 21, as the amount 

of banding was noted to be disproportionate to the amount of cell death. The addition of 

brefeldin A to medium could possibly test this hypothesis, as the classical secretory pathway is 

completely inhibited by this compound. 

One additional point is that this experiment only looked at constitutive protein 

secretion. It is possible that DMKN-P secretion is regulated by an unknown signal. For example, 

stimulation of this secretory process could be stimulated by a calcium gradient. 

While not definitive, the combination of some immunodetection, laser scanning 

microscopy, and previous literature are suggestive that DMKN-~ IS a secreted protein. Whether 

this model of creating a recombinant DNA plasmid vector and transfecting into an immortalized 

gingival keratinocyte cell line can be optimized and provide reproducible results is still to be 

determined. Additionally, if GFP is secreted through a non-classical pathway, an alternative 

internal control should be selected. 

Future Directions 

The overall goals of future studies would prima_rily be to first confirm presence or 

absence of DMKN in gingiva and then develop cell and animal models for testing the topical 

application of DMKN-~ and its resultant downstream effects, if any. Ultimately, the question 

surrounding DMKN-~ is its true function. Three avenues seem the most likely role of DMKN-~. 
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First, its role as a signaling molecule has already been discussed. This function appears to be the 

leading hypothesis in the current literature. Second, it could be a structural molecule. Multiple 

structural moieties are suggestive of this, such as the collagen-like region and keratin-like region 

previously discussed. Finally, it could be both a structural molecule and a signaling molecule. 

This possibility has not been discussed in the literature and is purely speculative. In keeping 

with the previously discussed literature that suggested DMKN-P inhibited neutrophil function, 

perhaps it plays a role during the cornification process in preventing an antigenic response as 

the cell terminally differentiates. 

DMKN Expression in Human Gingiva 

The next logical step in determining the relative gene expression of DMKN in gingiva is 

to perform quantitative rt-PCR on human gingival samples. Periodontal surgery regularly 

mvolves the excision of gingival tissues, both healthy and inflamed. Without any unnecessary or 

additional harm to the patient, these samples could be obtained readily. Perhaps visual 

identification of inflammation can stratify inflamed versus healthy tissues, and these can be 

compared to each other for the relative expression of DMKN. This would be in keeping with the 

dermatologic literature where inflammatory skin disorders overexpress DMKN. 

AppliCation of Recombinant DMKN-6 in Cell Culture and Animal Models 

The existing recombinant DMKN-~+GFP plasm1d vector could be modified to remove the 

GFP coding sequence and expressed solely as DMKN-~. Recombinant DMKN-~ and DMKN

~+GFP protein would then be expressed and isolated, then applied to serum starved cells to test 
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for extracellular signal related kinase (ERK) phosphorylation or similar signaling pathway 

bioassays in gingival keratinocytes. This would further test the hypothesis that DMKN-P acts as 

a cytokine. The next logical step would be to apply topical DMKN-~ to an animal wound modet 

such as the rat skin flap model, and assess its effect on healing. 

Creation of a Specific Antibody to DMKN-6 

One of the major limiting factors in our experiment was the lack of an antibody to 

DMKN-~. While potentially time consuming and costly, derivation of a specific antibody will 

allow definitive testing for DMKN-~. Multiple applications, from endogenous cell culture protein 

expression analysis to immunohistochemistry, could benefit from the production of this 

antibody. 



CONCLUSION 

The results of this study indicate that DMKN is in fact a gene that is overexpressed in 

gingival tissues of Rattus norvegicus. Additionally, DMKN-~ can successfully be tagged with GFP 

and transfected into an immortalized gingival keratinocyte cell line. Due to the presence of 

extracellular GFP, it is suspected cell death obscures definitive determination of whether or not 

DMKN-13 is an extracellular protein. Alternatively, the large presence of extracellular GFP may 

possibly be due to secretion via a non-classical pathway. While not definitive, the combination 

of 1mmunodetection and laser scanning microscopy are suggestive of DMKN-~ being a secreted 

protein. Further optimization of the transfection process by limiting cell lysis and/or ruling out 

non-classical secretion of GFP may yield more definitive results. 
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