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Sir,
Normal wound repair involves an initial inflammatory 
phase characterized by neutrophil infiltration and exces-
sive protease activity, which is followed by macrophage 
migration, angiogenesis and keratinocyte proliferation 
and migration. In contrast to acute wounds, chronic ve-
nous ulcers fail to follow this timely pattern of events and 
persist in a chronic inflammatory stage involving high 
protease levels, bacterial influence, endothelial cell acti-
vation and high oxidative stress. Epidermal proliferation 
is a prerequisite for proper epithelial closure during the 
acute wound healing process, and various markers (such 
as Ki67 and cyclins) have been extensively studied (1–5). 
Furthermore, overexpression of cyclins has been reported 
in association with tumour formation and in psoriasis 
(6). Cyclins, intranuclear subunits of cyclin-dependent 
kinases, are regulatory proteins essential for passage 
through specific stages in the cell cycle. A number of 
different cyclinproteins, each associated with a certain 
stage of the cell cycle, have been described (7). Cyclin 
D is associated with G1 phase chromosome replication, 
cyclins A and E regulate the S phase DNA synthesis 
stage, whereas cyclin B1 controls the G2 phase (the 
premitotic phase). Mitosis is regulated by cyclin A and 
B. The purpose of this study was to assess whether cyclin 
A expression could be utilized as a novel marker for epi-
dermal proliferation in chronic leg ulcers. Furthermore, 
we investigated whether expression of this regulator was 
down-regulated in chronic ulcers when compared with 
normally healing wounds 3 days after injury.

PATIENTS AND METHODS

Eleven patients with chronic venous leg ulcers (duration >6 
months) were included in this study. The venous insufficiency 
was routinely determined either by a hand-held Doppler or 
colour duplex examination. Systolic ankle index was >0.8. The 
patients had no diabetes or signs of general infection, and no 
signs of local infection or immunological disease. The research 
project was approved by the Ethics Committee, Lund University 
Hospital (LU509-01).

Punch biopsies (4 mm) were taken from the wound edges of 
chronic ulcers. As control material, biopsies were taken from 
four patients from the intact skin of the thigh. Three days later 
a new biopsy was taken from the wound edge of the healing 
biopsy wound. The tissues were fixed overnight in 4% para-
formaldehyde, embedded in paraffin by routine procedures, 
and sections (5 µm) were incubated with mouse monoclonal 
antibodies (dilution 1:80) specific for cyclin A (Novocastra 
Laboratories Ltd) and subsequently developed (Vectastain ABC, 
Vector Laboratories, Burlingame, CA, USA). The slides were 

examined in a light microscope and basal cells with positive 
signal and staining pattern were counted throughout the whole 
4-mm biopsy. Statistical analysis was performed using the 
Mann-Whitney rank sum test.

RESULTS AND DISCUSSION

Immunohistochemical analysis demonstrated cyclin 
A-positive keratinocytes in the basal layers, and no 
background staining was detected. In normal skin 
there was a positive signal for cyclin A in ~5% of the 
basal epidermal cells (Fig. 1). In the chronic wound 
margins from the group of 11 patients, the percentage 
of cyclin A-positive cells increased to ~25%, and this 
difference was statistically significant when compared 
with normal skin. When compared with the chronic 
ulcers, the acute wound margins displayed a similar 
staining pattern. Thus, the finding that the S phase mar-
ker cyclin A was up-regulated approximately fivefold 
in chronic ulcer margins, when compared with normal 
skin, suggests that basal epidermal cells at the wound 
margins of chronic leg ulcers are able to proliferate. 
In this context, our data correspond well with previous 
studies on the expression of proliferation-associated 
markers and cell cycle regulators in the margins of 
chronic diabetic and venous ulcers. For example, cy-
tokeratin 16 and 17, as well as proliferation-associated 
nuclear antigens (PCNA and Ki67) were found to be 
up-regulated in the wound margins of these ulcers (5, 
8). In the immediate leading edges of both the chronic 
and acute wounds, no cyclin A-positive cells were de-
tected, indicating that these cells are non-proliferating 
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Fig. 1. Statistical analysis shows significant increase (p<0.001) of cyclin A-
positive cells in chronic wound margins (CW) when compared with normal 
skin (NS). In acute wound margins (AW) the signal pattern showed the same 
trend as in chronic wounds. Whiskers=SD
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and originate from basal stem cells beneath the leading 
edge. Interestingly, similar findings have been reported 
from studies on healing mucosal wounds (9, 10). Thus, 
our study is well in line with previous reports showing 
that epidermal proliferation is indeed present in the 
wound edges of chronic venous ulcers, suggesting 
that defective proliferation is not a major pathogenetic 
factor. What is then the major cause of venous ulce-
rations? An increasing amount of data indicates that 
high levels of proinflammatory factors (11, 12), high 
oxidative stress (11, 13), as well as proteolysis induced 
by various bacteria in chronic ulcers (14, 15), resulting 
in excessive proteolysis and endothelial activation, 
contribute to the non-healing of venous ulcers. Taken 
together, these findings reinforce the view that future 
therapeutic approaches directed at venous ulcers should 
target inflammatory mechanisms, excessive bacterial 
influence and epidermal migration.

ACKNOWLEDGEMENTS

This work was supported by grants from the Swedish Research 
Council (project 13471), the Royal Physiographic Society in 
Lund, the Welander-Finsen, Crafoord, Österlund and Kock 
Foundations, and the Swedish Government Support for Clinical 
Research (ALF).

REFERENCES

1.	Inohara S, Kitano Y. Immunohistochemical detection of cy-
clin D and cyclin A in human hyperproliferative epidermis. 
Arch Dermatol Res 1994; 286: 504–506.

2.	Gniadecki R. Regulation of keratinocyte proliferation. Gen 
Pharmacol 1998; 30: 619–622.

3.	Desdouets C, Sobczak-Thepot J, Murphy M, Brechot C. 
Cyclin A: function and expression during cell proliferation. 
Prog Cell Cycle Res 1995; 1: 115–123.

4.	Vande Berg JS, Robson MC. Arresting cell cycles and the 
effect on wound healing. Surg Clin North Am 2003; 83: 
509–520.

5.	Galkowska H, Olszewsk WL, Wojewodzka U, Mijal J, 
Filipiuk E. Expression of apoptosis- and cell cycle-related 
proteins in epidermis of venous leg and diabetic foot ulcers. 
Surgery 2003; 134: 213–220.

6.	Yam CH, Fung TK, Poon RY. Cyclin A in cell cycle control 
and cancer. Cell Mol Life Sci 2002; 59: 1317–1326.

7.	Johnson DG, Walker CL. Cyclins and cell cycle checkpoints. 
Annu Rev Pharmacol Toxicol 1999; 39: 295–312.

8.	Andriessen MP, van Bergen BH, Spruijt KI, Go IH, Schalk-
wijk J, van de Kerkhof PC. Epidermal proliferation is not 
impaired in chronic venous ulcers. Acta Derm Venereol 
1995; 75: 459–462.

9.	Bartkova J, Gron B, Dabelsteen E, Bartek J. Cell-cycle 
regulatory proteins in human wound healing. Arch Oral 
Biol 2003; 48: 125–132.

10.	Zhu X, Di Y, Hu C, Wang Z. Expression of positive and 
negative regulators of cell cycle during wound healing. 
Chin Med J (Engl) 2002; 115: 326–330.

11.	 Ågren MS, Eaglstein WH, Ferguson MW, Harding KG, 
Moore K, Saarialho-Kere UK, et al. Causes and effects of 
the chronic inflammation in venous leg ulcers. Acta Derm 
Venereol Suppl 2000; 210: 3–17.

12.	Lundqvist K, Herwald H, Sonesson A, Schmidtchen A. 
Heparin binding protein is increased in chronic leg ulcer 
fluid and released from granulocytes by secreted products 
of Pseudomonas aeruginosa. Thromb Haemost 2004; 92: 
281–287.

13.	Allhorn M, Lundqvist K, Schmidtchen A, Åkerstrom B. 
Heme-scavenging role of alpha1-microglobulin in chronic 
ulcers. J Invest Dermatol 2003; 121: 640–646.

14.	Davies CE, Wilson MJ, Hill KE, Stephens P, Hill CM, 
Harding KG, et al. Use of molecular techniques to study 
microbial diversity in the skin: chronic wounds reevaluated. 
Wound Repair Regen 2001; 9: 332–340.

15.	Schmidtchen A, Holst E, Tapper H, Björck L. Elastase-
producing Pseudomonas aeruginosa degrade plasma pro
teins and extracellular products of human skin and fibro-
blasts, and inhibit fibroblast growth. Microb Pathog 2003; 
34: 47–55.


