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Title: 

Involvement of the G1/S checkpoint genes in the pathogenesis of keloid 

 

Abstract 

Keloid represents one of the most common skin proliferation disorders in humans.  The 

keloid formation usually occurs as a result of hyperproliferation of fibroblasts after skin injury. 

Even though it is not considered a mailgnant skin disorders.  However, the keloid fibroblasts 

can be successfully implanted and grown in Nude mice. The results suggest an uncontrolled 

cellular proliferation process which escape the normal cell cycle control. The cells from 

progressing into S phase which  regulated by CdkIs such as: p21 and p27 genes. p21 gene 

was an downstream regulator of p53 which can also control cell cycle progression. p27 gene 

was the inhibitor of cyclin/CDK complex which also controlled the cell cycle progression. We 

were investigated the molecular mechanisms of keloid formation. When compare the keloid 

with normal control skin tissue, We found the p21(2/6) and p27(2/6) genes mRNA was 

expression in keloid skin tissue. This result may show the p21 and p27 were involved in 

controlling G1/S checkpoint play a role in the pathogenesis of keloid. 
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Introduction 

keloid is dermal f ibroproliferative disorder presumably resulting from an abnormal response 

to wound healing following trauma, inflammation surgery, or burns. However, spontanous 



occurrence of keloid has also been reported. It is clinically defined as scars growing beyond 

the boundries of original wounds, occurs primarily in dark-skinned races and in genetically 

susceptible individuals. Though patients suffering from keloids presenting to clinics mainly 

for cosmetic problems, these lesions are often pruritic and tender. 

 

Despite of numerous studies on the pathogenesis of keloid, the actual mechanism remains 

inconcludusive. It is well known that uncontrolled cellular proliferation is the hallmarks of 

malignant tumors as well as other proliferative disorders. The uncontrolled growth is in part 

due to the alteration of gene expressions, either by overexpression of oncogenes or by down 

regulations of tumor suppressor genes that allow the cells to evade the checkpoints of the cell 

cycle. 

 

Over expression of cyclin D1 and cyclin-dependent kinase 4(Cdk4) has been implicated in 

human maligant tumors. Concurrent overexpression of cyclin D1 and Cdk4 in intestinal 

adenomas from multiple intestinal neoplasia(Min) mice and human familial adenomatous 

polyposis patients. Cyclin D1 overexpression vs. retinoblastoma inactivation: implications for 

growth control evasion in non-small cell and small cell lung cancer. 

  

The p21 WAF1/Cip1 and p27 kip1 have been confirmed to be tumor suppressor genes, lost of 

functions of these gene have been reported in a wide variety of human cancers. Furthermore, 

p21 WAF1/Cip1 knockout mice showed the cells lacking p21 WAF1/Cip1 or can not undergo G1 

arrest in cells after DNA damage. Mice lacking p21 WAF1/Cip1 undergo normal development, 

but are defective in G1 checkpoint control. Radiation-induced cell cycle arrest compromised 

by p21 WAF1/Cip1 deficiency. By pass of senescence after disruption of p21 WAF1/Cip1 gene in 

normal diploid human fibroblasts. P27 kip1 knockout mice showed increased body size, 

multiple organ hyperplasia, and pituitary tumors. A syndrome of multiorgan hyperplasia with 

features of gigantism, tumorigenesis, and female sterility in p27 kip1-deficient mice. Enhanced 

growth of mice lacking the cyclin-dependent kinase inhibitor function of p27 kip1. Mice 

lacking p27 kip1 display increased body size, multiple organ hyperplasia, retinal dysplasia, and 

pituitary tumors. The abnormalities of these cyclins, cyclin kinase and cyclin kinase inhibitors 

all point to the uncontrolled cellular proliferation, a marjor observation found in keloid. 

 

Material and method 

1. Sample collection: 

Six patients with typical clinic diagnosed keloid and four healthy control subjects will  

recruit in this study. An incision biopsy from keloid lesions and normal skin of healthy 

control subjects will be taken in the OPD. Histological studies wil l be done after the keloid 

and normal skin tissue are harvested and fix in 10% formalin and acetic acid. The fixed 

tissue will be subjected to paraffin embedding, thin section (5mm) cutting and stained with 



hematoxklin and eosin. H&E sections wil l be examined by histopathologists in a blinded 

fashion to confirm the morphological natural of the keloid versus normal control skin 

tissue. 

2. RNA extraction: 

RNA from keloid skin samples or normal control skin samples was extracted using the 

TriPure isolation reagent (Boehringer mannheim). Briefly, for each 50mg of tissue to be 

processed. The skin sample was washed two times in 1XPBS. The washed tissue was 

homogenized by Polytron with 1ml TriPure reagent. Incubate the sample in room 

temperature for five minutes and add 0.2ml coloroform to the sample. After centrifugation, 

take the upper aqueous phase for RNA extraction. Precipitate the RNA by ethanol 

precipitation. After washing once with 70% ethanol the pellet wil l be air dried for 10 

minutes. Total RNA isolated from skin tissue will be subjected to further cDNA synthesis. 

3. cDNA synthesis: 

cDNA was synthesized using MMLV reverse transcriptase(Amersham). 28µl of total RNA 

(up to 20µg) will  be mixed with 1.6µl  of ol igo (dT)12-18(0.5µg/µl) and incubated at 65oC 

for 5 minutes. The mixture will then be incubated on ice for 1 minutes. 10.4 µl of reaction 

mixture(8µl of MMLV reverse transcriptase, 1.6µl 10mMdNTP, 0.8µl MMLV reverse 

transcriptase) was added and incubated at 37oC for 60 minutes. The reaction will be 

terminated at 95oC for 10 minutes. The synthesis cDNA will then be used for PCR 

amplification. 

4.PCR amplification: 

  PCR was performed with equal amounts of cDNA to amplify messages specific for 

GADPH, p16 ink4, p21 WAF1/Cip1, p27 kip1, p53, Rb, Cyclin D and Cyclin-dependent kinase 4. 

Sense and antisense primers for GADPH (sense:GTCCACTGGCGTCTTCACCA-CC; 

anitsense:AGGCATTGCTGATGATCT-TGAGGC), P16 

(sense:CGGGAGG-GCTTCCTGGACAC; antisense:CGGGGATGTCTGAGGGACCTTTC), 

P21 WAF1/Cip1 

(sense:CGTGAGCGATGGAACTTCGAC;antisense:CGTTTTCGACCCTGAGAGTCTTC), 

P27 kip1 

(sense:TCAAACGTGCGAGTGTCTAACG;antisense:ACGGATC-AGTCTTTGGGTCCAC) 

,P53(sense:CTTGCATTCTGGGACAGCCAAGTC;antisense:TCGGATAAGATGCTGAGG

AGGGG), 

Rb(sense:AAAGCTGTTGGGACAGGG-TTGTGTC;antisense:TGGTCCTTCTCGGTCCTT

TGATTG) ,Cyclin 

D(sense:CAA-ATGTGTGCAGAAGGAGCTCC;antisense:AAATCGTGCGGGGTCATTG), 

Cyclin-dependent kinase 

4(sense:GCCGAAACGATCAAGGATCTGAATG;antisense:TCG-CTTGTGT-GGGTTAAA

ACTCAGC). Were based on the published sequences of GADPH, p16 ink4, p21 WAF1/Cip1, p27 

kip1, p53, Rb, Cyclin D and Cyclin-dependent kinase 4. PCR products were visualized by 



electrophoresis on 3% agarose followed by eithidium bromide staining. Size of PCR products 

were: control GADPH 161 bp, p16 ink4 208 bp , p21 WAF1/Cip1 290 bp , p27 kip1 409 bp , p53 250 

bp , Rb 453 bp , Cyclin D 345 bp and Cyclin-dependent kinase 4 510 bp. 

 

Result 

1. P53, P21 WAF1/Cip1 and p27 kip1 mRNA expression in keloid patient’s skin tissue: 

Two families of CdkI are defined based on the structural homology, cdk targets and 

mechanism of inhibition. P21WAF1/Cip1 like family of CdkIs includes p27 kip1 and p57 kip2, 

which inhibit multiple cyclin-cdk complexes. In our result Fig.1 show that the p53 (1 of 6 

patients), p21 WAF1/Cip1 (2 of 6 patients) and p27 kip1 (2 of 6 patients) mRNA were expression in 

keloid skin tissue. 

Discussion 

Keloids represent a pathological wound-healing response in predisposed individuals. Keloids 

are characterized grossly as thick scar tissue that has escaped the boundaries of the original 

wound, producing excess deposition of extracellular matrix molecular such a collagen and 

fibroblast overgrowth. In this study, we found the p53, p21 and p27 mRNA were expression 

in the keloid skin tissue, but didn’t in the normal skin tissue.  
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