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Abstract 

Chronic, non-healing wounds constitute a massive financial burden on health care system. The 

healing processes of these wounds and their underlying pathology are only partly understood. In 

this study, important biological functions performed by Retinoic acid with its regulatory protein 

cellular retinoic acid binding protein 2 (CRABP2) were discussed. Possibly, these biological func-

tions might be linked with chronic wound therapeutic by inducing antiproliferative activity of cells 

which leads to reduction in migration and growth rate of fibroblast during skin regeneration pro-

cess in chronic wound healing. The aim of this study was to comparatively analyze the expression 

pattern of CRABP2 and P16 cyclic dependent kinase inhibitor in dermal fibroblasts at mRNA 

levels along with their morphological pattern, migration and growth rate. Fibroblasts were cultured 

and their morphology were observed by phase-contrast imaging. Difference in viability, migratory 

capacity was examined by Cell titer blue and scratch assay respectively and expression were meas-

ured by polymerase chain reaction. Interestingly, the date revealed that morphology was altered 

and growth rate and migration velocity was significantly lower in chronic wound fibroblasts and 

senescent fibroblasts when compared with their control. Expression pattern revealed that CRABP2 

was highly up-regulated only by senescent cells but not in chronic wound fibroblasts which point 

novel function for this protein in term of replicative senescence. However, P16 was not signifi-

cantly altered among all fibroblasts which demands supplementary studies to conform the role of 

CRABP2 in fibroblast dysfunction and cellular senescence in chronic wounds. 

Keywords; CRABP2, p16, chronic wound fibroblast, senescent fibroblasts, cellular senes-

cence, retinoic acid, non-healing wounds. 
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List of abbreviations 

 

NF                        Normal fibroblast  

CWF                    Chronic wound fibroblast  

EF                        Early fibroblast (fibroblast from healthy skin at early passage) 

SF                        Senescence fibroblast (Late passage fibroblasts)  

CW                      Chronic wound 

RA                        Retinoic acid  

CRABP2              Cellular retinoic acid binding protein 2 

P16                       Cyclin -dependent kinase inhibitor 16  

ROS                      Reactive oxygen species 

ECM                     Extra cellular matrix 

CRABPs               Cellular retinoic acid binding proteins 
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1. Introduction 

 

1.1 Chronic wounds and role of fibroblast 

Chronic, non- healing wounds cause extensive morbidity and constitute a massive financial burden 

among diabetic, geriatric and immobilized patients. About 90% of the chronic wounds categories 

into pressure sores, venous ulcers and diabetic ulcers. The underlying pathology in these chronic 

wounds are venous, arterial and metabolic defects (1). Chronic wound patients can suffer from 

numerous complications in the form of severe pain, septicemia, hospitalization and in some cases 

amputation (2). The healing functions of these wounds demand an ideal cascade of events in a 

timely, sequential manner such as rapid hemostasis, inflammation, proliferation, neo-dermis for-

mation, re-epithelialization and tissue remodeling. These phases demand the integration of biolog-

ical and molecular events such as epithelial cells, (3) keratinocyte and fibroblasts migration and 

proliferation for extracellular matrix (ECM) production (4,5). Fibroblasts proliferation and migra-

tion are crucial into wound defects to construct ECM which is essential for repair process and 

further support the ingrowth of cells, collagen synthesis and remolding of matrix (6). Additionally, 

they are also important for integrity of skin as after wound by 96 hr., fibroblasts become most 

predominant cell type in granulation tissue and disturbance of this dynamic process may influence 

the development of chronic wound (7,8,9). In this way fibroblasts play key roles in supporting 

normal wound healing in skin. In skin, fibroblasts also express highly CRABP2 and but its role in 

relation with CRABP2 was not completely understood and possibly that altered expression of this 

protein might be linked with fibroblast dysfunction in non-healing wounds (5).  

 

1.2 Retinoic acid, CRABP2 and wound healing 

Retinoic acid (RA) plays crucial role in the regulation of wound healing processes besides other 

regulators (10) and acts as powerful modulator of cell growth and differentiation in series of cell 

lines predominantly in skin. It is an active metabolite of vitamin A and its concentration in cells is 

crucial for normal cell growth, cell survival and death (11). RA has been shown to decrease cell 

proliferation and procollagen production in human fibroblasts cell lines in in vitro study (12) indi-

cating its concentration is crucial for proper cell functioning. To perform its biological function, 

RA requires the presence of binding factors in the form of cellular retinoic acid binding proteins 

(CRABPs). Among CRABPs, only CRABP2 show highest specificity towards RA. Moreover, 
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CRABP2 is most predominantly expressed by fibroblasts in the skin (10). The study by our group 

demonstrating significant downregulation of CRABP2 in fibroblasts from chronic wounds when 

compare with NF. This might be a mechanism behind enhanced apoptotic activity and decreased 

proliferation and migration (3,5).  Interestingly, some studies have suggested that CRABP2 control 

the action of RA in cell differentiation, and antiproliferative activity (13). Thus, we hypothesized 

that altered expression might be part of the pathology of dysfunctional connective tissue, which, 

in turn, is linked to aberrant inflammatory events, ECM production and delayed wound closure 

(3). Indeed, these are hallmarks of chronic wounds – a condition defined by non-healing after a 

period of three month (1,2). Another interesting finding is the evidences that altered expression of 

CRABP2 is related apoptotic activity (14). But, as far as wound chronicity is concerned, these 

biological activities potentially linked to CRABP2 in fibroblasts is not well established and require 

further work (15). Hence, by performing comparative analysis of CRABP2 protein expressions on 

chronic wound fibroblast (CWF) with the expression of patient-matched healthy skin normal fi-

broblast (NF) and senescent fibroblasts with their normal controls may provide the clue of dys-

functional abilities of cells. Further, altered CRABP2 expression might correlate with signs of 

senescent - hypothesized to be a feature of chronic wounds (5,16,17) 

  

In cells, CRABP2 mediate the biological function of RA by facilitating the binding of RA to RAR 

(α, β,γ)  through direct interactions leading to expression of  anti- proliferative RAR target genes 

(18).RARs are best characterized as transcription factors recognize RA as ligand and form heter-

odimers with retinoid X receptors (RXR). These heterodimers further bind to regulatory elements 

in targets genes and modulate transcription. Using this type of transcription mechanism RA can 

trigger cell cycle arrest, differentiation, and apoptosis (19) as RA have highest affinity for 

CRABP2 (18). Moreover, previously some research studies provide evidences that impaired apop-

totic activity during normal wound healing is also possible exploring factor that can lead to cellular 

senescence (4,11). This might be associated with CRABP2 as it exhibits apoptotic and antiprolif-

erative inside the cells. However, these processes are not well understood and new topic for re-

search in context of wound chronicity (10). Similarly, apoptosis of fibroblast was previously de-

tected in vivo during wound healing (20), which might lead to disturb the architecture of tissues 

and accumulation of debris and necrotic cells. These necrotic cells and other inflammatory cells 

accumulated inside the chronic wounds produces ROS that damages structural elements of the 
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ECM and cell membrane and leads to premature cell senescence (20). Macrophages have vital role 

in the removal of these debris by the phagocytosis. Fibroblast stimulate theses macrophages which 

have ability to remove debris by the process of phagocytosis (16). Thus, the fibroblast regeneration 

potential is important in supporting normal wound healing and linked with proper sequential and 

timely wound healing process (14). Further fibroblast population are critical in normal wound 

healing. Though the incapability of fibroblast to endure granulation tissues remolding and scar 

formation in delayed wounds is broadly acknowledged, the triggers of this dysfunction linked with 

CRABP2 and cellular senescent are further elaborated in this study (21). Our current study is based 

on previously investigational study of our group in which they founded altered expression of 

CRABP2 in chronic wound fibroblast and senescent cells by proteomics. 

 

1.3 Wound healing and cellular senescence  

 Skin related disorders and non-healing wounds increase with age. Elderly people faces more treat-

ment complexities due to some phenotypical changes in their skin. Indeed, it has been reported 

that cells found in chronic wounds are senescent, or near to senescent (7,16). These cells thus 

disrupt the integrity of skin might linked with their slowest growing capability and altered mor-

phology from normal healthy fibroblasts (22). Various alterations in the cellular and molecular 

characteristics of aged skin can, thus, impede the healing process. 

It is also quite well established that cellular senescence is linked to impaired function of fibroblasts 

(4,12). Therefore, fibroblasts dysfunction in relation with cellular senescent were further investi-

gated by measuring the level of cellular senescent using biomarker P16, which were also elabo-

rated as the cellular senescent would be independent factor towards non-healing. P16 are proteins 

which inhibit cyclic dependent kinase 2A and has been observed in senescent cell invitro and in 

aging tissues of rodents and humans. and thus, measurement of expression of P16 at genes level 

has led to their use as potential biomarker of biological age (23). In fact, it has been found that 

accumulation of reactive oxygen species in tissues from external environment can damage DNA 

which activate P16 pathways which slam the cell cycle to stop G1 phase. This results in the inhi-

bition of cyclic dependent kinase and induces cell cycle arrest (24). Thus, strong evidences have 

been found to P16 expressing cells are senescent but, this assumption has not yet been rigorously 

tested (23). Similarly, in current study we further investigated fibroblast dysfunction relation with 
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cellular senescent using biomarker P16, assumed that this would elaborated cellular senescent 

would be self-governing factor toward non-healing (24). 

 

2.Aim 

In the current study, we aimed at investigating the differential expression of CRABP2 and P16 in 

dermal fibroblasts at mRNA level along with their morphology, migration pattern and growth rate 

between, NF; CWF and senescent cells with their normal control EF.   

 

3.Method and material 

 

3.1 Origin of cell samples and ethical consideration 

Fibroblasts were isolated from male and female patients over the age of 50, suffering from chronic 

venous leg ulcers with the duration more than three months. Fibroblast isolated via explant culture 

and exclusion criteria involve diabetes and diseases that severely affect thee general condition such 

as heart failure, severe obesity, etc. (22). Biopsies were taken from peripheral areas of the wound 

edges (CWF). Total 5 patients were used to collect the CWF and their health control fibroblasts 

(NF). Fibroblasts from glutes of the same patient were isolated as controls (14). Cells were also 

isolated from healthy skin of 3 patients undergoing plastic surgery revision. These were passaged 

extensively to obtain pre-senescent and senescent cultures, as defined by growth characteristics 

(17). All biological samples collections and storage were ethical approved from the research ethics 

committee, (Dnr. 2003/0101), and EPN Uppsala (Dnr. 2008/321) and biobank from clinical re-

search laboratory and informed consent were obtained from all enrolled patients. These cells were 

kept ampoules and stored at Orebro university research area in liquid nitrogen tank. 

 

3.2 Cell culturing and imaging 

Fibroblasts were cultured in Dulbecco`s modifies Eagle`s medium (Invitrogen, CA). The me-

dium was supplemented with 10% fetal bovine serum 0.6% gentamycin. Cultures were rou-

tinely monitored microscopically for contamination and medium replaced twice a week. Tryp-

sinization of cells was performed by washing them with PBS and incubation in 0.25% of trypsin 
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for 5 minutes at 37C (17).  morphology and growth pattern of the cells were continuously mon-

itored throughout this study by microscopic observation (22). Phase contrast images computer-

ized images were obtained using Phase-contrast microscope (Olympus CKXTM, Japan). For this 

purpose, cells were grown into 96 well plates in triplicates and cells were observed at x200 

magnification after 24h of culture (12). 

 

3.3 Cell growth assay  

For measuring growth of cells, each cell sample was cultured in triplicates in 96 wells plates for 8 

days (2000 cells/well). Culture medium was exchanged for fresh media every second day during 

the growth assay. Cell viability was measured by using cell titer blue reagent ((Promega, REF 

G8080) according to manufacturer’s instruction https://se.promega.celltiter-blue-cell-viability-as-

say-protocol/. Briefly, every second day cells were incubated with CTB reagent for 4 hours at 

37ºC., After CTB incubation, the fluorescence (excitation at 560 nm and emission at 590 nm) was 

measured using a plate reader (Enspire 2300 Multi Mode Plate Reader, Perkin Elmer)). Prolifera-

tion in the experiment samples was calculated as relative fluorescence divided by fluorescence in 

wells with no cells, treated identically.   

 

3.4 Cell migration, “scratch assay  

For this assay, 50,000 fibroblasts were seeded from each sample in a 24-well plate. They were 

cultured until reaching a confluent monolayer. To measure the migration rate between different 

time points of 0, 1, 2, 3 and 4 days, we used 5 different plates for each sample. A 20µL sterile 

pipette was used to create a scratch, or track, of approximately 0.4 to 0.5 mm in width on all 

confluent monolayers.  Culture medium was then replaced after every 2 days. Scratched cell layers 

were examined after rinsing with PBS to remove loosen debris of cells and fixation with methanol. 

Imaging microscopy was performed and scratch closure monitored by collecting images at various 

time intervals. The percentage by which fibroblasts migrated to fill the scratch area was calculated 

for each time point by using ImageJ software. For ease of counting and validation of counted cells, 

4 photographs were taken in series for each well (achieved by moving the calibrated stage of mi-

croscope). A total of 12 images were taken per culture. The cells were manually counted with use 

of pixel grid area 200x200 from Fiji image J software. The cells were counted from three different 

https://se.promega.celltiter-blue-cell-viability-assay-protocol/
https://se.promega.celltiter-blue-cell-viability-assay-protocol/
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areas in the scratch zone and compared with confluence area. The estimated number of migratory 

fibroblast from day 0 to day 4 were counted and CWF; NF and EF and SF were compared (12,25). 

 

3.5 RNA extraction  

Cells were seeded at the concentration of 250,000 in each of 3 wells per 6 well plates. 3 ml of 

DMEM cell culture media was changed after every 2 days until the cell reached 60 to 70 % of 

confluency. Total RNAs were extracted using 350µL Buffer RLT plus (Qiagen, USA) accord-

ing to manufacturer`s instructions. The RNA lysates were centrifugated for 2 minutes at 

14,000g using 2ml tubes placed in spin columns. RNA was eluted using RNase free water and 

their yield and purity were determined by Nanodrop. cDNA was synthesized using cDNA re-

verse transcription kit (Applied Biosynthesis, USA) according to manufacturer`s instructions. 

RNA extracts were mixed with “master mix” containing primers, RT buffer solution, dNTPs 

and reverse transcription enzymes. By adding Nuclease free water, total reaction volume was 

adjusted up to 20µL. Negative control containing master mix and water, but no RNA, was es-

tablished and incubation carried out by adjusting the thermal cycle set at following; 10 min 25 

ºC, 120 min 37 ºC, 85 ºC for 5 min. Cells were placed at 4 ºC prior to save at -20ºC (25). 

 

3.6 Real-time PCR 

Taq-Man qPCR probes (Applied Biosystems) for P16, CRABP2 AND GAPDH were added to 

the master mix/RNA in triplicates in a 96-well plate. The settings for the thermal cycler (ABI 

prism 7900HT Fast Real time PCR system (Applied Biosystems)) was the following: 50 ºC for 

2min, 95 ºC for 20 min, 40 cycles,72 ºC for 10 min, 1 cycle. The cycle threshold (Ct)values for 

each well were obtained and used as a measure of mRNA content after transformed into linear 

values, assuming 2-fold increase in specific mRNA content after each cycle. GAPDH mRNA 

was used as internal reference to normalize all RNA expression level (18, 25). 

 

3.7 Statistical analysis 

Data are presented as mean values +/- standard deviation. Power was determined by the un-

paired t-test, using Prism (Graph Pad Software Inc., San Diego, CA, USA) version 5.01. A p-

value of less than 0.05 (* P<0.05, **P<0.005) was regarded as statistically significant. 
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4. RESULTS

4.1 Fibroblast morphology 

The mechanism of aging effects the cells structure of  fibroblats and they deveolop into enlarge 

cell size ,irregular cell form  and hetrogenous structure as indicated from previous studies. (17). 

These diffrences in  morphology  might be related to decresed proliferation and  mechanisms of 

senscences in  CWF, (26). CWF have been describes as larger and polygonal shaped than normal 

fibroblats which exibit spindle and compact structures (27). In this study, we found that CWF show 

herogenous structure  with pleomorphic nuclei and presence of large as well as compact structured 

fibroblats (Fig 1). Presences of large flattened fibroblasts have been found in all CWF samples, 

which could indicate an increased proportion of senscent cells (16). (figure1,d) Late culture 

fibroblasts also showed bigger and  flatter morpholgy compared to earlier cultures (Fig 1). 

(7,26).Thus, CWF and late cultures aquired the shaped as described by senescent cells (17,27). We 

also found that these cells take longer to detach during the trypsinization which might be due to 

their larger surface area . 
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Figure1.Morphology of different fibroblasts. Representative phase-contrsat microphotographs of 

normal fibroblasts (NF), Chronic wound fibroblasts (CWF) , pre-senscent fibroblast (EF) and senscent 

fibroblasts (SF) . Note the irregular shape, large size of CWF and its similarity to senscent fibroblasts 

morphology (SF). The majority of pre-senescent fibroblasts (EF) resembled NF morphology, however, 

variation was large in our material. . The arrow indicates the presence of senscent cells  (scale Bar 

100µm,bright field x20). All samples were analysed in triplicates. 

4.2  Proliferation capacity of NF, CWF, PSF and SF 

The proliferation of NF and CWF was measured using Cell titer blue assay and relative number of 

viable cells with active metabolism was quantified. The relative fluorescence that was obtained 

was directly proportional to number of viable cells (data not shown). CWF fibroblast showed lower 

growth rate when compared to normal under a period of 8 days (figure 2 A, B).  The largest dif-

ference in growth between CWF and NF was observed at day 8. CWF have grown significantly 

lower than NF. 
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Figure 2: Differences in growth rates of CWF (n=6), NF (n=8), PSF(n=3) and SF(n=3) cells.. CWF growth at day 8 

was significantly lower than normal fibroblasts (A,B) SF growth was significantly lower than pre-senescent fibroblasts 

at day2,4,6 and 8(C,D)Data is presented as means;* P<0.05, **P<0.005. All sample were run in triplicates.  

Similarly ,3 human fibroblast samples that were characterized as senescent because of their slowest 

cultured growth and late passages number were used for subsequent analyses to compare pre-se-

nescent and senescent cultures. These SF found to be lowest regeneration protentional and major 

difference can be seen since in the beginning of day 2. These observations further prevail at day 

3,4 than EF cells which are early to senescent also called pre-senescent (fig. 2C, D). 

4.3 Migratory capacity of NF and CWF 



10 | P a g e

Migration “scratch” assays were performed with 5 fibroblast cultures derived from healthy skin 

area and 5 from chronic wound area. This type of assay is helpful to study the role of fibroblasts 

in wound closure by measuring the rate of repopulation of a simple in vitro model (25).  

Fibroblasts were manually counted in scratched area and plotted as average percentage of migra-

tion. The percentage of cell migration of CWF and NF were compared from day 0 (scratch was 

created) to the day 4 (fully confluence) and with each other (A). Fibroblasts migration from healthy 

area (NF) was found to be significantly increased at day 4 of scratch when compare with CWF 

migration at same day (B). Representative’s images are shown of progression of scratch closure 

throughout the time courses (C). 
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Figure 3. In vitro scratch assay of dermal fibroblasts from chronic wound (CWF) and healthy skin(NF). Repopu-

lation of human dermal fibroblasts monolayer was evaluated by in vitro scratch assays. Fibroblasts were manually 

counted in scratched area and plotted as average percentage of migration. The percentage of cell migration of CWF 

and NF were compared from day 0 (scratch was created) to the day 4 (fully confluence) and with each other (A). 

Fibroblasts migration from healthy area (NF) was found to be significantly increased at day 4 of scratch when com-

pare with CWF migration at same day (B).  representative’s images are shown of progression of scratch closure 

throughout the time courses (C). Original magnification X100. (A, B; values=mean ±SD (n=5), * P<0.05). All sam-

ples were analyzed in triplicates. 

4.4 Migratory capacity of Pre-senescent and senescent fibroblast 

We previously analyzed growth capacity of Pre-senescent and senescent fibroblasts (figure 2c, d). 

To further characterize functional capacity of these cells, we used a monolayer scratch wound 
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assay and phase contrast images, to assess the ability of early passages EF and late passages SF to 

repopulate wound space and correlate it abnormal wound healing. The rate of wound repopulation 

by all SF samples was significantly reduced compared with that of patient-matched PSF, particu-

larly at second, third and fourth day (Figure 4Aand B) 

 

 

 

 

Figure 4; Analysis of PSF and SF repopulation capacity by scratch assays. Migration rate comparison of PSF and 

SF revealed significant slower repopulation of denuded area of the senescent cells. (A, B). Migration rate was assessed 

by using monolayer scratch assay and cell imaging. (C) (Migrated cells in scratch area were quantified as average 

percentage of migration. (n=3); (* P<0.05). All samples were analyzed in triplicates. 
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4.5. Gene expression of CRAPBP2 and P16 in NF and CWF 

 We next asked whether gene expression of CRABP2 and p16 was altered in CWF compared 

to NF. Fibroblasts from both strains were grown to confluency and their RNA was isolated. The 

mRNA expression of CRABP2 and P16 was measured by q-PCR, normalized against GAPDH 

and statistically evaluated by T.test for comparison. When comparing CWF with control NF, 

we have found insignificant differences in expression level for both genes (Fig5 A B). 

Figure 5; Gene expression levels for P16 and CARBP2 mRNAs. Differences in gene expression between NF and 

CWF were found to be not significant (A, B). (n=5). All samples were analyzed in triplicates. 

4.6 Gene expression of CRABP2 and p16 in PSF and SF 

Interestingly, when comparing PSF and SF groups, CRABP2 mRNA was significantly increased 

in the senescent cells (Fig 6A), suggesting a possible link between CRABP2 to the mechanism of 

senescence. mRNA level of the cell-cycle dependent kinase inhibitor p16, as a possible marker of 

senescence, was, however, not significantly changed in these fibroblasts (Fig 6B).   
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Figure 6:Gene expression levels for CRABP2 and p16 in   PFS and SF. CRABP2 mRNA was significantly 

higher in the senescent fibroblasts group compared to pre-senescent counterparts... P16 mRNA a biological 

marker of cellular aging cause by oxidative stress, was not significantly increased in senescent cells. All 

samples were analyzed in triplicates. 

 5. Discussion 

In this study, our results are consistent to previous studies which revealed that patient match CWF 

have lower regeneration potential, altered morphology, migration capacity than NF (26,27). All 

the findings related to fibroblasts structural modification observed by phase contrast images have 

also similarity from previous research studies (21). As in figure 1 is shown the flattened structure 

of SF which was found to increase in proportion in CWF. These flattened fibroblasts from CW 

indicate that CWF have under gone some phenotypical changes into premature senescence (6). 

These structural modifications along with impeded cellular capacity of proliferation and movement 

corroborate earlier studies (16,17). The flattened structure of fibroblasts could be seen also in pre-

senescent cells, but in less proportion compared to senescent cells (Fig 1). These types of pairing 

of early and late passages is be beneficial for the study of structural changes associated with mech-

anisms of cellular aging, as well as normal to chronic wound phenotypes. In our study, we used 

senescent and pre/senescent pairing cells, because of their long-standing use in study of aging and 

the availability of their pre-senescent from donors of elderly people (26). Further these are also 

helpful to elaborate the differences in biologically activity also effects by the cells aging. As it was 
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already discussed in this study and previously established studies as cell ageing effects cells activ-

ity, as cells grow older and continuously replication it develops the mechanism of senescent (24,8). 

All samples were cultured to analyzed the proliferation activity which were found to decreased in 

CWF (Figure 2a, b) and highly decreased in SF (27) (Figure2; c, d) when compared to their normal 

controls. Further, the growth activity in SF was not much increased from the day of culturing and 

significantly lower at day4,6,8 when compare with EF. (27,28). All these observation (Fig.1,2) can 

be linked with mechanism of cellular senescent because reduced growth capacity and morpholog-

ical changes are their 2-well known traits (28). The hall mark of cellular senescence is irreversible 

arrest of cell proliferation and altered cell functions (29). The reduction in growth rates of senes-

cent fibroblast and CWF implicate cellular senescence in aging and age-related pathologies (5,16). 

We have also found significantly decreased in migration capacity in CWF at fourth day (fig.3) but 

these migration velocities were significantly altered early at the beginning of day 2 and prevail to 

day 3 and 4 when compared SF and EF. These observations can be interrelated with question why 

wound doesn’t heal even after the treatment as migratory ability reflects the repopulation of fibro-

blasts which is very important for reepithelization during wound closure (25). 

One of the probable reason suggested for decreased motility (repopulation capacity) of CWF and 

SF is the increased cellular attachment due to large body area, as has been suggested by other 

studies (25). Additionally, repopulation in monolayer cultures relies on the combination of migra-

tion and proliferation, and the fact that these fibroblasts have reduced capacity of proliferation 

may, thus, impact the rate of repopulation (8,14). These results were more prominent when com-

paring EF and SF, in comparison to the NF/CWF pair, reflecting the degree of fibroblast dysfunc-

tion.  Thus, dysfunctional wound healing potential was interrelated with decreased migration ca-

pacity of granulocytes including fibroblast might be age related degenerative effects. This de-

creased in migration might due to cellular senescent (Hyflick limit) (20,23). 

The findings in this and other studies provide some understanding why wound does not heal even 

after some months or why the process of healing is delayed. Upstream events that may cause these 

changes include chronic inflammation and bacterial infection, major contributory factors involved 

in non-healing of chronic wounds (5,6). Indeed, persistence of these factors might lead to cellular 

or tissue aging of wound cells. Within such tissues also the vasculature become compromised, 

ECM composition is dysregulated and fibroblast function and responses are altered. This suggest 
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that failure to resolve inflammation in CW is tissues specific and a result, at least in part, of fibro-

blast dysfunction (7). As discussed, this dysfunction is related to an increase the number of cells 

undergoing irreversible growth arrest or replicative senescence. Senescent fibroblasts are meta-

bolic active and stable but low capacity to carry out various functions (24). This means that it is 

better for the body to remove them from the tissue (which normally is carried out by apoptosis 

events), than that they persist in the tissue. 

Investigation of CRABP2 expression was based on findings in the group that this protein might be 

dysregulated in CWF (proteomics data, not shown). In consistence with previous studies (15,30) 

and in contrast to the previous research (31) our results showed that CRABP2 was upregulated in 

SF, suggesting that CRABP2 is related to anti-proliferative activity in fibroblast (18,30) However, 

CRAPB2 was not significantly overexpressed in CWF when compared to normal in the present 

study. This might reflect a role of CRABP2 for replicative senescence that it is not operative in 

CWF. Indeed, CWF characteristics may be influenced more by oxidative senescence (20). 

 Cyclin-dependent kinase inhibitor P16 expression is increased in senescent cells suffering from 

DNA damages due to oxidative stress. This protein may also mediate inhibition of cell growth. 

that is associated with gradual telomere erosion. This is a mechanism that has been suggested to 

trigger phenotypic changes that is observed between CW and patient matched normal cells (24). 

However, since chronic wound cells are associated with elevated level of oxidative stress from 

external environment it is more likely that they are subjected to stress-induced premature senes-

cence, rather than true replicative senescence. (5,8,32). However, we found that p16 in CW and 

SF was not significantly dysregulated, compared to their normal counterparts. Also, P16 might be 

less important for replicative senescence in dermal fibroblast (9). Other alternatives as markers for 

telomere-dependent pathway of senescence β-senescent glycosidase (24) 

To what extent this cellular senescence effects in CW contribute to the pathophysiology is still 

unknown due to insufficient and inappropriate biological markers of aging. Nevertheless, our find-

ings of morphological and functional properties of CWF and SF (figure1,2,3,4) adds to the current 

view of dysfunctional fibroblasts. 

In the current study, we used passage number 9-14 for studying CWF and NF of fibroblasts. It is 

unclear if the cells have lost some of the characteristics during in vitro passaging, which can have 

affected the results. For further studies, earlier passages may be tested. Sample sizes was also quite 

low and may have affected the results.  
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However, the methodology we adopted in this research study has several advantages, including 

simplicity, and ability to evaluate some important phenotypical changes of fibroblasts involved in 

pathogenesis of chronic wound. The assays system described could be useful when testing treat-

ment options for fibroblast dysfunction in non-healing wound. However, the repopulation method 

currently lacks a robust analysis tool, and so is subject for improvement.   

6. Conclusion

In conclusion, our finding provides additional support for the functional impairment relating to 

growth and migration of CWF and SF. Increased CRABP2 expression may be a novel marker 

for cells in replicative senescence. It’s role in oxidative senescence is unclear and require further 

studies. The use of p16 as a marker of senescence may be limited to severely dysfunctional 

cells, as it was not significantly altered in our cell cultures.  More studies are needed to develop 

strategies for future alterative therapeutic treatment for dysfunctional wound healing.  

7. Acknowledgement

I would like to show my deep gratitude to my supervisor Mikael Ivarsson, for his guidance, 

enthusiastic encouragement and supportive behavior for this research work 

I am immensely great full to Geena Paramel Varghese (PhD) for her advices and assistance 

I would like to thank Faisal Ahmed (PhD students) for timely suggestions and research staff for 

lab assistances. 

Special thanks to my husband and my parents for all their support and love. 

8. References

1. Price LB, Liu CM, Melendez JH, Frankel YM, Engelthaler D, Aziz M, et al. Community

Analysis of Chronic Wound Bacteria Using 16S rRNA Gene-Based Pyrosequencing: Impact

of Diabetes and Antibiotics on Chronic Wound Microbiota. PLoS ONE. 2009;4(7):e6462.

2. Guo S, DiPietro LA. Factors Affecting Wound Healing. Journal of Dental Research.

2010;89(3):219-29.

3. Landén NX, Li D, Ståhle M. Transition from inflammation to proliferation: a critical step

during wound healing. Cell Mol Life Sci. 2016;73(20):3861–85.



18 | P a g e

4. Martin P. Wound healing--aiming for perfect skin regeneration. Science. 1997 Apr

4;276(5309):75–81.

5. Telgenhoff D, Shroot B. Cellular senescence mechanisms in chronic wound healing. Cell

Death and Differentiation. 2005;12(7), 695–98. doi:10.1038/sj.cdd.4401632 .

6. Menocal LR,  Salgado M,  Ford D, and  Badiavas EV.Stimulation of Skin and Wound Fibro-

blast Migration by Mesenchymal Stem Cells Derived from Normal Donors and Chronic

Wound Patients. Stem Cells Transl Med. 2012 Mar; 1(3): 221–229.

7. Cellular, molecular and biochemical differences in the pathophysiology of healing between

acute wounds, chronic wounds and wounds in the aged [Internet]. [cited 2017 May 8]. Avail-

able from: http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-

Healing.html.

8. Wall IB, Moseley R, Baird DM, Kipling D, Giles P, Laffafian I, et al. Fibroblast dysfunction

is a key factor in the non-healing of chronic venous leg ulcers. J Invest Dermatol. 2008

Oct;128(10):2526–40.

9. Kim HJ, Kim KS, Kim SH, Baek S-H, Kim HY, Lee C, et al. Induction of Cellular Senescence

by Secretory Phospholipase A2 in Human Dermal Fibroblasts through an ROS-Mediated p53

Pathway. J Gerontol Ser A. 2009 Mar 1;64A(3):351–62.

10. van den Bogaerdt AJ, Ghalbzouri AE, Hensbergen PJ, Reijnen L, Verkerk M, Kroon-Smits

M, et al. Differential expression of CRABP-II in fibroblasts derived from dermis and subcu-

taneous fat. Biochemical and Biophysical Research Communications. 2004;315(2):428-435.

11. Vasileiou C, Lee KSS, Crist RM, Vaezeslami S, Goins SM, Geiger JH, et al. Dissection of the

Critical Binding Determinants of Cellular Retinoic Acid Binding Protein II by Mutagenesis

and Fluorescence Binding Assay. Proteins. 2009;76(2):281-90.

12. The proliferative effect of all-trans retinoic acid during wound healing: A compromised effect

in the presence of dimethyl sulphoxide (PDF Download Available) [Internet]. [cited 2017

May9].Availablfrom:https://www.researchgate.net/publication/266615390_The_prolifera-

tive_effect_of_all-trans_retinoic_acid_during_wound_healing_comprised

13. Yang Q, Wang R, Xiao W, Sun F, Yuan H, Pan Q. Cellular Retinoic Acid Binding Protein 2

Is Strikingly Downregulated in Human Esophageal Squamous Cell Carcinoma and Functions

as a Tumor Suppressor. PLOS ONE. 2016 Feb 3;11(2):e0148381.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Menocal%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23197781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salgado%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23197781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ford%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23197781
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Badiavas%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23197781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3659842/
http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-Healing.html
http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-Healing.html
https://www.researchgate.net/publication/266615390_The_proliferative_effect_of_all-trans_retinoic_acid_during_wound_healing_comprised
https://www.researchgate.net/publication/266615390_The_proliferative_effect_of_all-trans_retinoic_acid_during_wound_healing_comprised


19 | P a g e

14. Aström A, Tavakkol A, Pettersson U, Cromie M, Elder JT, Voorhees JJ. Molecular cloning

of two human cellular retinoic acid-binding proteins (CRABP). Retinoic acid-induced expres-

sion of CRABP-II but not CRABP-I in adult human skin in vivo and in skin fibroblasts in

vitro. J Biol Chem. 1991 Sep 15;266(26):17662–6.

15. Plantier L, Rochette-Egly C, Goven D, Boutten A, Bonay M, Lesèche G, et al. Dysregulation

of elastin expression by fibroblasts in pulmonary emphysema: role of cellular retinoic acid

binding protein 2. Thorax. 2008 Nov;63(11):1012–7.

16. Cellular, molecular and biochemical differences in the pathophysiology of healing between

acute wounds, chronic wounds and wounds in the aged [Internet]. [cited 2017 May 8]. Avail-

able from: http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-

Healing.html.

17. Yanai H, Shteinberg A, Porat Z, Budovsky A, Braiman A, Ziesche R, et al. Cellular senes-

cence-like features of lung fibroblasts derived from idiopathic pulmonary fibrosis patients.

Aging. 2015 Sep;7(9):664–72

18. Collins CA, Watt FM. Dynamic regulation of retinoic acid-binding proteins in developing,

adult and neoplastic skin reveals roles for β-catenin and Notch signalling. Developmental Bi-

ology. 2008;324(1):55-67.

19. Vreeland AC, Levi L, Zhang W, Berry DC, Noy N. Cellular Retinoic Acid-binding Protein 2

Inhibits Tumor Growth by Two Distinct Mechanisms. The Journal of Biological Chemistry.

2014;289(49):34065-73.

20. Wlaschek M, Scharffetter-Kochanek K. Oxidative stress in chronic venous leg ulcers. Wound

Repair and Regeneration. The international journal of tissue repair and regeneration. 2005

Oct;13(5):452–61.

21. Demidova-Rice TN, Hamblin MR, Herman IM. Acute and Impaired Wound Healing: Patho-

physiology and Current Methods for Drug Delivery, Part 1: Normal and Chronic Wounds:

Biology, Causes, and Approaches to Care. Adv Skin Wound Care. 2012 Jul;25(7):304–14

22. Mendez, Manuel V. et al, The proliferative capacity of neonatal skin fibroblasts is reduced

after exposure to venous ulcer wound fluid: A potential mechanism for senescence in venous

ulcers, Journal of Vascular Surgery, Volume 30 , Issue 4 , 734 - 743

http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-Healing.html
http://www.worldwidewounds.com/2004/august/Enoch/Pathophysiology-Of-Healing.html


20 | P a g e

23. Hall BM, Balan V, Gleiberman AS, Strom E, Krasnov P, Virtuoso LP, et al. Aging of mice is

associated with p16(Ink4a)- and β-galactosidase-positive macrophage accumulation that can

be induced in young mice by senescent cells. Aging. 2016 Jul 6;8(7):1294–311.

24. Lujambio, A. (2016) To clear, or not to clear (senescent cells)? That is the question. Inside the

Cell, 1: 87–95. doi: 10.1002/icl3.1046.

25. Beyeler J, Schnyder I, Katsaros C, Chiquet M. Accelerated wound closure in vitro by fibro-

blasts from a subgroup of cleft lip/palate patients: role of transforming growth factor-α. PloS

One. 2014;9(10):e111752.

26. Eyman D, Damodarasamy M, Plymate SR, Reed MJ. CCL5 secreted by senescent aged fibro-

blasts induces proliferation of prostate epithelial cells and expression of genes that modulate

angiogenesis. J Cell Physiol. 2009 Aug;220(2):376–81.

27. Reed MJ, Ferara NS, Vernon RB. Impaired migration, integrin function, and actin cytoskeletal

organization in dermal fibroblasts from a subset of aged human donors. Mech Ageing Dev.

2001 Aug;122(11):1203–20.

28. Goldstein S. Replicative senescence: the human fibroblast comes of age. Science. 1990 Sep

7;249(4973):1129–33.

29. Wang E. Senescent Human Fibroblasts Resist Programmed Cell Death, and Failure to Sup-

press bcl2 Is Involved. Cancer Res. 1995 Jun 1;55(11):2284–92

30. Okuducu AF, Janzen V, Ko Y, Hahne JC, Lu H, Ma ZL, et al. Cellular retinoic acid-binding

protein 2 is down-regulated in prostate cancer. Int J Oncol. 2005 Nov;27(5):1273–82.

31. Geiger T, Madden SF, Gallagher WM, Cox J, Mann M. Proteomic portrait of human breast

cancer progression identifies novel prognostic markers. Cancer Res. 2012 May 1;72(9):2428–

39.

32. Wlaschek M, Scharffetter-Kochanek K. Oxidative stress in chronic venous leg ulcers. Wound

Repair Regen Off Publ Wound Heal Soc Eur Tissue Repair Soc. 2005 Oct;13(5):452–61.

http://dx.doi.org/10.1002/icl3.1046

